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THIS  BOOK  is  a  review  of  the  work  done  in  India  in 
Nutrition  and  allied  subjects  during  the  last  forty 
years  or  more.  The  nutritive  value  of  Indian  food¬ 
stuffs,  diets  and  dietary  habits,  nutritional  disorders 
and  diseases,  nutrition  in  public  health  practice,  food 
supply  and  population  are  some  of  the  principal 
subjects  covered  in  this  book.  It  is  not  a  text  book 
of  nutrition  for  students.  It  is  mainly  intended  for 
research  workers  in  India  and  abroad.  In  writing 
this  account,  several  gaps  in  our  knowledge  have  been 
found  to  exist  and  attention  is  drawn  to  them  in  the 
hope  that  further  activity  in  these  fields  would  be 
stimulated.  At  the  same  time  it  was  felt  that  a  book 
of  this  type  would  indicate  the  progress  made  in  this 
country  so  far  as  nutrition  research  and  public  health 
nutrition  were  concerned.  The  author  is  aware  that 
several  books  on  food  and  nutrition  in  India  have 
been  published  in  the  last  thirty  years,  but  few  of 
them  have  taken  into  account  the  vast  amount  of 
woik  that  has  been  done  in  India.  Workers  abroad 
must  have  felt  at  times  the  difficulty  of  getting  at  the 
original  jreferences  on  several  aspects  of  nutrition, 
work  on  which  has  been  published  in  India.  This 
book  with  its  extensive  bibliography  will  not  only  help 
to  bring  the  Indian  work  before  the  world  but  will 

also  give  access  to  some  valuable  publications  in 
nutrition. 
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CHAPTER  I 


INTRODUCTION 


THE  FIRST  DECADE  of  the  twentieth  century  saw  the 
commencement  of  nutrition  research  in  India. 
McCarrison  and  McCay  were  the  pioneers  in  the  field 
and  till  1920  were  the  only  investigators  in  India 
actively  interested  in  nutritional  science.  Curiously 
enough  both  were  impressed  by  the  fact  that  the  phy¬ 
sique  and  health  of  Indians  varied  in  different  parts 
of  India.  Both  of  them  were  convinced  that  the 
underlying  cause  was  dietary.  McCay  devoted  his 
attention  to  the  protein  element  in  nutrition.  His 
careful  and  painstaking  researches  (described  later) 
were  intended  to  show  that  the  proteins  of  inferior 
quality,  both  from  the  standpoint  of  digestion  and 


utilisation  were  responsible  for  poor  physique  and 
stamina  of  certain  Indian  population  groups.  McCar¬ 
rison  s  concept  of  the  role  of  diet  was  more  com¬ 
prehensive.  In  keeping  with  the  advances  in  nutri¬ 
tional  science  made  in  other  countries,  McCarrison 
formed  the  opinion  that  in  certain  Indian  diets  there 
were  multiple  defects,  and  that  these  defects  were  the 
cause  of  poor  physical  development,  low  resistance  to 
disease  and  widespread  illhealth  in  India.  McCarri- 
son’s  researches  made  it  quite  clear  that  he  was  least 
interested  in  the  deficiencies  of  single  nutrients  and 
their  effects.  He  planned  his  experiments  so  as  to 
test  the  effects  of  natural  dietaries  with  multiple  de¬ 
fects  of  deficiency  and  imbalance  on  the  physiological 
function  and  structure  of  body  organs,  in  order  that 
such  knowledge  may  be  used  to  find  explanations 
based  on  scientific  observations,  for  the  state  of  health 
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in  human  beings.  It  was  only  towards  the  end  of 
McCarrison’s  active  career  in  India  that  nutrition 
researches  in  India  swung  over  to  the  study  of  indivi¬ 
dual  nutrients.  It  is  somewhat  surprising  that  although 
illhealth  in  India  was  recognised  to  have  malnutrition 
as  one  of  its  important  causes,  very  little  attention 
was  paid  to  clinical  nutrition  till  well  on  into  the 
fourth  decade.  Beri-beri  and  goitre  were  of  course 
two  main  exceptions,  for  it  cannot  be  denied  that 
McCarrison  had  devoted  a  great  deal  of  attention  to 
the  study  of  these  two  diseases.  It  is  only  recently, 
however,  that  clinical  researches  in  nutrition  have 
made  any  headway,  this  despite  the  fact  that  clinical 
material  for  such  purposes  has  always  been  available 
in  plenty. 

India  owes  it  to  McCarrison  that  he  not  only 
founded  a  school  of  nutrition  research  in  this  country 
but  by  his  brilliant  researches  helped  to  attract  other 
scientific  workers  to  the  field  of  nutrition  research.  It 
would  be  no  exaggeration  to  say  that  McCarrison 
laid  the  foundation  on  which  the  present  structure  of 
nutrition  research  in  India  has  been  built  up.  In  this 
connection  mention  must  be  made  of  the  Indian  Re¬ 
search  Fund  Association,  a  semi-official  organisation 
which  came  into  being  in  1911.  Among  its  objects 

were  the  two  following: 

1.  The  prosecution  and  assistance  of  research, 
the  propagation  of  knowledge,  and  experi¬ 
mental  measures  generally,  in  connection 
with  the  causation,  mode  of  spread,  and  pre¬ 
vention  of  diseases,  primarily  those  of  a  com¬ 
municable  nature. 

2.  To  initiate,  aid,  develop  and  co-ordinate 
medical  scientific  research  in  India  and  to 
promote  and  assist  institutions  for  the  study 
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of  diseases,  their  prevention,  causation  and 
remedy. 

The  Association  derived  its  funds  from  the  Go¬ 
vernment  of  India  in  the  form  of  annual  grants,  but 
was  fortunately  entitled  to  spend  them  in  its  own  dis¬ 
cretion  for  the  furtherance  of  its  aims  and  objects. 
There  is  no  doubt  that  the  credit  for  fostering  re¬ 
search  in  medical  and  allied  sciences  during  the  last 
forty  years  goes  almost  entirely  to  the  Indian  Re¬ 
search  Fund  Association.  Towards  the  end  of  1949, 
the  Association  took  on  a  new  and  more  apt  name  of 
Indian  Council  of  Medical  Research. 

McCarrison’s  early  researches  dealt  with  endemic 
goitre  which  he  observed  in  1904  in  Gilgit  on  the  far 
north-west  frontier  of  undivided  India.  His  interest 
in  goitre  was  lasting  and  the  investigations  on  thyroid 
gland  occupied  a  major  portion  of  his  time  during  his 
scientific  career  in  India.  In  1913*14  McCarrison 
began  his  researches  at  Kasauli  (Punjab)  on  the  rela¬ 
tionship  between  diet  and  disease  under  the  auspices 
of  the  Indian  Research  Fund  Association.  A  few 
years  later,  in  1918  to  be  precise,  he  moved  down 
south  to  Goonoor  and  began  his  researches  on  beri- 
beri-, Within  a  few  years  the  scope  of  his  activities 
widened  and  his  unit  at  Coonoor  became  known  as 
‘Deficiency  Diseases  Inquiry ’.  The  Royal  Commis- 
sion  on  Agriculture  appointed  to  report  on  the  Indian 
agricultural  practices  and  policy  was  keenly  interest¬ 
ed  in  McCarrison’s  work.  In  1926,  they  paid  a  visit 
to  L-oonoor  to  acquaint  themselves  with  McCarrison’s 
work  at  first  hand.  They  fully  realized  that  nutrition 
research  had  a  fundamental  role  in  agricultural  deve- 
opment  and  improvement  of  nutrition  in  India  It 
was  not  surprising,  therefore,  to  find  the  Commission 
recommending  in  their  report  the  establishment  of  a 
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central  institute  for  nutrition  research.  McCarrison 
took  advantage  of  this  recommendation  and  proposed 
to  the  Indian  Research  Fund  Association  that  the  unit 
under  him  be  recognised  as  equivalent  to  a  central 
institution.  From  1929  onwards  the  unit  at  Coonoor 
was  known  as  the  Nutrition  Research  Laboratories 
and  was  the  only  institution  in  India  devoted  to 
researches  in  human  nutrition.  Even  today  it  is  the 
only  one  of  its  kind. 

There  was,  however,  a  growing  realisation  on  the 
part  of  young  Indian  scientists  that  the  science  of 
nutrition  offered  a  wide  scope  for  fruitful  research. 
As  mentioned  earlier,  McCarrison’s  researches  and 
fame  had  made  that  realisation  possible.  One  finds 
from  1930  onwards  an  increasing  number  of  scientific 
workers  contributing  their  quota  to  the  growing 
knowledge  in  nutrition.  These  workers  are  spread 
all  over  India  and  are  carrying  out  their  investigations 
in  medical  colleges,  universities  and  research  insti¬ 
tutes.  Here  again,  the  debt  that  all  these  workers 
owe  to  the  Indian  Research  Fund  Association  must  be 
acknowledged.  The  Association  financed  and  main¬ 
tained  the  Nutrition  Research  Laboratories  at 
Coonoor.  At  the  same  time  it  afforded  generous 
assistance  to  deserving  individual  workers.  This 
financial  support  was  essential,  since  in  its  absence 
no  work  could  have  been  possible.  In  most  tea¬ 
ching  institutions  in  the  country  funds  were  usu¬ 
ally  not  made  available  for  research.  Although 
the  situation  has  improved  to  a  certain  extent  it 
has  not  altogether  eased.  The  Indian  Research 
Fund  Association,  now  the  Indian  Council  of  Medi¬ 
cal  Research,  still  spends  annually  an  appreciable 
proportion  of  its  total  income  in  financing  nutrition 
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A  significant  development  in  June  193^  which  has 
influenced  the  progress  of  nutrition  research  in  India 
was  the  formation  of  a  Nutrition  Advisory  Committee 
by  the  Indian  Research  Fund  Association.  The 
primary  function  of  this  Committee  has  been  to 
advise  the  Scientific  Advisory  Board  ofthe  Association 
on  the  various  research  proposals  and  programmes 
submitted  to  the  latter  for  financial  support.  During 
the  fifteen  years  of  its  existence,  the  Committee  has 
performed  several  other  functions  as  well.  The 
Government  of  India  was  quick  to  realise  the  impor¬ 
tance  of  the  assistance  which  the  Committee  could 
give  in  an  advisory  capacity  in  matters  connected 
with  public  health  nutrition.  In  1937,  the  Govern¬ 
ment  accorded  recognition  to  the  Committee  which 
made  it  the  National  Nutrition  Committee,  a  privi¬ 
leged  position  which  the  Nutrition  Advisory  Commit¬ 
tee  still  enjoys.  In  its  capacity  as  a  national  body  the 
Committee  has  tried  to  review  and  co-ordinate  work 
in  public  health  nutrition  carried  out  in  various  ad¬ 
ministrative  units  of  India.  The  Committee  took 
part  in  planning  for  postwar  reconstruction  which 
had  become  a  feature  of  governmental  activity  during 
the  latter  half  of  World  War  II.  It  has  also  consider¬ 
ed  such  practical  problems  as  technique  of  diet 
surveys,  methods  for  the  evaluation  of  nutritional 
status,  dietary  allowances,  etc.,  and  has  recommend¬ 
ed  programmes  of  investigations  designed  to  yield 
scientific  information  on  these  intricate  problems. 
The  Committee  has  tried  to  co-ordinate  nutrition 
researches  in  India  and  to  prepare  fresh  plans.  On 
the  whole,  its  advice  has  been  invaluable  to  the 
Indian  Research  Fund  Association  in  its  object  of 
furtherance  of  research.  The  results  of  these  resear¬ 
ches  have  been  published  mostly  in  Indian  journals. 
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although  a  few  papers  have  been  published  abroad. 
It  was  felt  that  a  time  had  arrived  when  a  review  of 
these  researches  would  be  of  great  use  to  scientific 
workers  in  India  and  abroad  if  the  material  published 
over  several  decades  and  in  various  journals  was 
collected  and  presented  in  the  form  of  a  connected 
account. 


CHAPTER  II 


INDIAN  FOODSTUFFS-GENERAL 

An  AMAZING  VARIETY  of  foodstuffs  is  grown  in  India 
for  human  consumption.  Considering  the  differences 
in  soil,  climate  and  rainfall  that  exist  in  different 
parts  of  the  country,  this  must  be  considered  inevita¬ 
ble.  It  is  true  that  the  production  of  foodstuffs  is  far 
below  the  maximum  that  can  be  reached  if  modern 
scientific  methods  were  applied.  The  present  relative 
food  shortage  is  mainly  due  to  continued  adherence 
to  old-fashioned  agricultural  practices,  ignorance  and 
illiteracy,  which  in  turn  engender  and  confirm  super¬ 
stitions;  and  above  all  this,  there  is  the  general 
poverty  of  the  people.  The  fact  must  be  faced  that 
during  the  first  half  of  this  century  much  that  could 
have  been  done  was  left  unattempted.  The  spate  of 
planning  in  which  the  country  indulged  in  tfie  nine¬ 
teen-forties  only  helped  to  show  up  the  magnitude  of 
the  task  and  the  colossal  sums  required  to  be  spent  on 
its  accomplishment.  It  is  worthwhile  asking  whether 
a  fraction  of  those  plans  could  not  have  been  imple¬ 
mented  gradually  over  a  number  of  years.  The  fact 
that  they  were  not  even  thought  of  or  if  conceived, 
the  plans  were  shelved  for  no  better  reason  than 
financial  stringency  shows  an  utter  lack  of  foresight. 
It  was  inevitable,  therefore,  to  find  ourselves  in  a 
position  today  when  the  targets  of  production  appear 
astronomically  large  and  hence  appear  unattainable 
in  the  near  future.  Had  it  been  otherwise  India 
would  not  have  found  herself  in  this  desperate  posi¬ 
tion  today.  On  the  other  hand,  it  is  true  that  with 
the  rate  of  growth  of  population  being  what  it  is. 
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India  could  never  have  expected  to  be  self-sufficient. 
She  could  have  produced,  however,  a  greater  propor¬ 
tion  of  her  needs  than  she  is  doing  today. 

Cereals :  The  diet  of  Indians  is  primarily  based 
on  cereals  from  which  70  to  80  per  cent  of  their 
energy  requirements  are  met.  In  this  they  resemble 
other  inhabitants  of  the  tropical  regions.  Among  the 
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Geographical  location  of  various  staple 
food  crops  in  India. 

Figure  I— Regions  of  Cereal  Production  in  India 
(Reproduced  from  F<*od  and  Nutrition) 
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important  Indian  cereals  are  rice,  wheat,  jowar  (Sor¬ 
ghum  vulgar  e),bajra ( Pennisetum  typhoidmm),  ragi  ( Eleusine 
coracana ),  maize  (&a  mais )  and  barley  ( Hordeum  vul- 
gare).  There  are  large  tracts  in  India  given  over  to 
the  cultivation  of  only  one  type  of  cereal  which  is 
probably  the  result  of  the  conditions  determined  by 
the  soil,  climate  and  monsoon.  The  accompanying- 
map  (Fig.  i)  shows  the  distribution  of  some  of  the 
important  crops  in  undivided  India. 

Pulses  :  In  the  Indian  dietary,  pulses  play  a  very 
important  role.  These  belong  to  the  order  legumi- 
noseae  and  there  are  a  few  varieties  which  are  com¬ 
monly  used.  They  are  Bengal  gram  ( Cicer  arietinum ), 
red  gram  ( Cajanus  indicus),  black  gram  (Phaseolus  mungo), 
green  gram  ( Phaseolus  radiatus)  and  lentil  ( Lens  escu- 
lenta).  In  most  parts  of  India,  one  or  the  other  of 
these  pulses  is  incorporated  in  the  diets  usually  in  the 
form  of  thick  cooked  soup  called  dahl ,  spiced  or  un¬ 
spiced.  In  addition  to  the  above,  a  few  other  legumes 

C°W  §Fam  ^ Vigna  catianS)y  horse  gram  ( Dolichos 
biflbfut },  peas  (Pi sum  sativum)  and  khesari  gram  (Lath- 
yrus  sativus)  are  used  in  certain  regions. 

The  term  gram  refers  to  the  dried  seeds  in  husk 
and  pulse  to  the  decorticated  seed  in  which  the  two 
cotyledons  have  separated.  These  foodstuffs  are  of 
importance  in  Indian  dietaries  for  they  are  rich  pro¬ 
tein  sources,  their  protein  content  varying  from  20  to 
25  per  cent  on  the  air  dry  weight. 

Vegetables  :  Among  the  well-known  varieties  of 
vegetables  there  are  about  forty  different  leafy  vege¬ 
tables,  12  of  root  and  tuber  vegetables  and  over  40 
other  vegetabies  which  are  consumed  in  India.  Seve- 

rf.V °f  t,heilT1  are  common  throughout  the  country 
a  lough  the  seasons  when  they  are  available  differ 
rom  p  ace  to  place.  In  most  places  green  leafy 
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vegetables  can  be  had  most  times  of  the  year  although 
in  areas  with  extremes  of  climate,  they  become  scarce 
during  the  summer  season.  On  the  other  hand,  fruit 
vegetables  are  scarce  during  monsoon. 

The  green  leafy  vegetables  could  be  a  most  useful 
source  of  carotene,  vitamin  C  and  calcium  and  phos¬ 
phorus  in  particular.  Unfortunately  their  use  is  not 
so  popular  as  one  should  like  and  it  is  ironic  that 
either  through  ignorance  or  prejudice  or  probably 
both,  these  cheap  foodstuffs  are  not  made  sufficient 
use  of  by  the  people. 

Meat,  Fish  and  Eggs:  The  only  justification 
for  lumping  together  of  these  three  animal  foods  is 
that  they  are  equally  scarce.  A  large  proportion  of 
the  population  would  readily  consume  any  of  them 
provided  they  were  available  and  sufficiently  low 
priced  to  enable  the  people  to  find  them  within  their 
means.  On  the  other  hand,  there  is  a  large  section 
of  the  Indian  population  which  has  religious  objec¬ 
tions  to  meat  of  one  kind  or  other  or  against  any  kind 
of  animal  food  with  the  exception  of  milk  and  milk 
products.  The  Hindus  object  to  beef;  Muslims 
object  to  pork.  Sometimes  these  religious  objections 
go  much  deeper.  Sikhs  would  eat  meat  if  the  animals 
were  killed  in  one  way  and  Muslims  if  the  other  way. 
These  objections  and  prejudices  have  unnecessarily 
multiplied  the  difficulties  of  the  already  complicated 

task  of  finding  enough  meat. 

India  has  a  large  coast  line  in  relation  to  her  size 
and  the  potentiality  of  fish  for  food  has  not  yet  been 
fully  exploited.  Unfortunately,  the  same  considera¬ 
tions  which  have  been  operative  in  agriculture  have 
prevented  any  advances  being  made  in  exploiting 
this  important  source  of  food  to  the  full.  Most  of  the 
people  along  the  coastline  and  in  the  interior  too 
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would  eat  fish  if  it  is  made  available  to  them  in  an 
unspoilt  condition.  The  Bengalee  is  an  exception. 
He  is  partial  to  fresh-water  fish.  The  peculiar  condi¬ 
tions  in  Bengal  originating  in  the  fact  that  Bengal  is 
a  marshy  place  studded  with  ponds  as  stars  in 
heaven  and  that  large  rivers  like  Ganga  and  Brahma¬ 
putra  wend  their  long  course  through  it  have  made 
the  Bengalee  fresh-water  fish-minded.  Unfortunately 
the  production  of  fresh-water  fish  is  also  low  in 
relation  to  the  needs,  although  it  is  true  that  it  can  be 
considerably  improved  with  a  little  more  planning 
and  care. 

Eggs  are  mostly  obtained*  from  peasants  and  small 
farmers  who  keep  poultry.  In  keeping  with  the  other 
standards  of  food  production  poultry  is  also  largely 
untouched  by  modern  science.  Hen’s  eggs  are  of 
course  the  most  common  commodity,  but  in  some 
parts  of  India  a  considerable  number  of  duck’s  eggs 
also  find  their  way  into  the  market. 

Milk  and  Milk  Products:  Milk  is  another  im¬ 
portant  foodstuff  which  is  produced  in  quantities  far 
below  the  requirements.  The  estimated  output  in 
the  year  1940  was  about  5  ounces  per  capita.  Recent 
estimates  have  shown  that  the  total  production  per 
capita  has  remained  practically  unchanged.  In 
actual  practice  the  per  capita  consumption  must  be 
much  less.  A  very  large  proportion  of  milk  is 
converted  into  various  other  products  for  human 
consumption.  A  detailed  description  of  these  pro¬ 
ducts  will  be  given  later. 

In  India  two  types  of  milk  are  of  nutritional 
importance,  cow  milk  and  buffalo  milk.  The  relative 
proportions  of  these  milks  produced  according  to  a 
recent  estimate  are  roughly  1  :  1.  Goat’s  milk  is  only 
rarely  used.  The  average  composition  (Schneider  et 
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al  1948,  and  Sukhatme  et  al  1948)  of  the  two  import¬ 
ant  types  is  given  in  table  I. 

TABLE  I 


COMPOSITION  OF  COW  AND  BUFFALO  MILK 


Cow 

Buffalo 

Specific  gravity 

1  0307 

1  0314 

Total  solids  ....  i 

% 

13.45 

16-77 

Solids-not-fat 

99 

846 

932 

Fat 

99 

4-97 

7-45 

Lactose 

99 

4-59 

4-88 

Protein 

99 

3-18 

3-78 

Non-protein-nitrogen 

99 

0  054 

0-051 

Ash 

99 

0-743 

0-780 

Calcium 

99 

0-205 

0-259 

Phosphorus 

99 

0-160 

0.196 

Chlorine 

99 

0.088 

0-066 

It  will  be  clear  from  the  table  that  the  fat  content 
of  cow  milk  is  higher  than  that  reported  from  Europe 
and  America.  The  fat  in  buffalo  milk  is  still  higher, 
sometimes  reaching  as  high  a  figure  as  10  per  cent  in 
individual  samples.  Another  notable  difference  lies 
in  the  vitamin  A  value  of  the  two  milks.  Cow  milk 
contains  both  preformed  vitamin  A  and  carotene 
whereas  buffalo  milk  contains  only  the  former. 

Unusual  foodstuffs:  Apart  from  the  broad  clas¬ 
ses  of  foodstuffs  mentioned  above,  a  considerable 
number  of  less  known  foodstuffs  are  consumed  in 
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circumscribed  regions.  Our  knowledge  about  several 
of  them  is  incomplete.  Mitra  and  Mittra  (1941,  I942> 
1943  and  1945)  who  have  made  a  special  study  of 
these  in  the  province  of  Bihar  have  listed  quite  a  good 
few.  In  other  parts  of  India  too  several  articles  are 
locally  consumed  which  are  not  commonly  used  by 
the  rest  of  the  people.  These  foodstuffs  may  be  of 
animal  origin  such  as  red  ants  and  white  ants,  bull 
frogs,  woodsand  piper,  snake  and  crocodile  meat,  etc. 
Unusual  foods  of  vegetable  origin  are  numerous,  ex¬ 
tending  from  less  known  cereals  like  Panicum  milliare, 
Setaria  italica,  Paspalum  scorbiculatum,  etc.,  to  different 
varieties  of  beans,  leafy  vegetables,  fruits,  roots  and 
tubers,  etc.  Some  of  these  are  cultivated  for  human 
consumption  and  hence  are  of  local  importance.  A 
detailed  study  of  such  foods  from  the  standpoint  of 
nutrition  and  the  extent  to  which  and  the  regions  in 
which  they  are  consumed,  is  certainly  worth  under¬ 
taking. 

Beverages  —  Alcoholic  and  Nonalcoholic: 
Beverages  contribute  appreciably  to  the  nutrition  of 
certain  sections  of  Indians.  This  is  true  of  both  the 
alcoholic  and  nonalcoholic  varieties. 

The  consumption  of  alcoholic  beverages  has  been 
referred  to  in  Vedic  literature.  It  is  believed  that 
‘soma’  of  the  ancient  Aryans  was  an  alcoholic  drink, 
although  the  raw  material  from  which  it  was  made  is 
not  known.  In  ancient  Hindu  writings  up  to  5th 
century  A.D.  mention  has  been  made  of  the  various 
alcoholic  "beverages  prepared  from  molasses,  mahua 
flowers,  rice  and  barley.  Even  to  the  present  day  the 
art  of  preparing  fermented  liquor  from  several  natu¬ 
ral  products  is  practised  by  tribal  people  in  the  plains 
and  in  mountainous  regions.  The  reason  why  the 
fermentation  industry  in  India  was  not  placed  on  an 
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organised  basis  may  lie  in  the  fact  that  Hindus  gene¬ 
rally  considered  drink  as  a  social  evil.  It  is  under¬ 
stood  that  according  to  the  tenets  of  the  Islamic 
religion  also,  drink  is  taboo.  Necessarily,  therefore, 
the  preparation  and  consumption  of  alcoholic  beve¬ 
rages  in  India  has  been  confined  to  the  lower  strata  of 
society.  The  advent  of  the  British  and  the  consolida¬ 
tion  of  their  rule  in  India  brought  with  them  the 
foreign  fermented  and  distilled  liquors  and  it  cannot 
be  denied  that  a  certain  amount  of  liking  for  beer, 
wines  and  spirits  has  developed  among  the  Indian 
public. 

In  India,  local  sources  such  as  cereal  grains  like 
rice,  wheat  and  barley,  sugar  cane  molasses,  juices 
from  coconut  and  toddy  palms  and  sugar  rich 
mahua  flowers  ( Bassia  latifolia )  have  been  used  for  the 
preparation  of  fermented  and  distilled  liquors.  Among 
these  the  consumption  of  toddy  (fermented  palm  juice) 
and  arack  (distilled  liquors  flavoured  with  essences) 
has  spread  on  a  vast  scale  in  towns  and  large  villages. 
As  against  these,  certain  smaller  communities  consume 
the  locally  fermented  preparations  from  rice  and 
other  cereals.  Chopra  and  Chopra  ( 1 933)  describe 
the  practice  of  preparing  such  drinks  with  the  help  of 
a  mixed  inoculum  consisting  of  yeasts  and  moulds. 
Ray  (1932)  refers  to  a  ‘national  drink  of  the  hill  folk 
of  Darjeeling  in  the  Himalayas  prepared  by  fermen¬ 
ting  cooked  ragi  ( Eleusine  coracana ).  Tribal  people  of 
the  Chota  Nagpur  plateau  in  Bihar  consume  a  drink 
known  as  ‘Pachwai’.  Its  spread  to  neighbouring 
Bengal  has  been  referred  to  by  Neogi  ( 1 93^)*  Chopra, 
Chopra  and  Chopra  (1942)  have  made  a  historical  sur¬ 
vey  of  the  alcoholic  beverages  in  India  and  their  article 
should  be  consulted  for  further  detail.  One  obser¬ 
vation  in  connection  with  certain  tribal  communities 
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is  worth  recording.  When  they  drink  the  fermented 
(but  not  distilled)  liquor  they  do  not  reject  the  residue 
of  the  cereal  that  is  left  behind.  It  is  also  consumed, 
so  that  this  pr-actice  probably  ensures  the  full  utilisa¬ 
tion  of  the  food  value  of  the  fermented  material. 

Among  the  nonalcoholic  beverages,  tea  and  coffee 
are  the  most  popular.  Whereas  consumption  of 
coffee  is  restricted  mainly  to  South  India,  tea  is  en¬ 
joying  increasing  popularity  in  the  rest  of  the  coun¬ 
try.  Tea  habit  has  increased  enormously  in  extent 
during  the  memory  of  the  author.  About  twenty-five 
years  ago  the  use  of  tea  as  a  beverage  was  almost 
unknown  in  large  areas  of  the  Indian  sub-continent, 
whereas  today  tea  has  firmly  established  itself  in  an 
increasing  number  of  homes.  In  India  tea  and 
coffee  are  usually  taken  with  milk  and  sugar. 

Dilute  butter  milk  is  another  beverage  which 
enjoys  a  good  deal  of  popularity  in  certain  parts  of 
India.  In  the  Punjab  and  United  Provinces,  particu¬ 
larly  during  summer  months,  butter  milk  is  relished 
as  a  cool  and  refreshing  drink. 

Chemical  Composition  of  Foodstuffs:  Several 
investigators  in  India  have  interested  themselves  in 
studying  the  chemical  composition  of  Indian  food¬ 
stuffs.  A  notable  contribution  in  this  respect  has 
been  made  by  the  Nutrition  Research  Laboratories, 
Coonoor,  where  the  work  of  Ranganathan,  Sundara- 
rajan  and  Swaminathan  (1937)  led  to  over  200  foods 
being  analysed.  The  collected  results  were  incorpo¬ 
rated  in  1938  in  Health  Bulletin  No.  23  entitled  ‘The 
Nutritive  Value  of  Indian  Foods  and  the  Planning  of 
Satisfactory  Diets’,  published  by  the  Government  of 
India.  This  bulletin  has  gone  through  four  editions 
during  the  last  twelve  years  and  has  proved  extremely 
usetul.  Among  other  workers  who  also  studied  the 
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composition  of  Indian  foods  can  be  mentioned  Basu 
at  Dacca,  Guha  at  Calcutta  and  Mitra  at  Patna. 

It  was  only  natural  that  in  the  beginning  much 
attention  was  paid  solely  to  moisture,  fat,  protein, 
carbohydrates,  crude  fibre,  and  mineral  content  of 
these  foodstuffs.  Lately,  however,  quite  a  good  deal 
of  attention  has  been  devoted  to  the  study  of  vitamin 
contents  as  well.  The  work  of  Swaminathan,  Bhagvat, 
Ahmad,  Guha,  De,  etc.,  has  contributed  a  great  deal 
to  our  knowledge  in  this  respect.  The  results  of  the 
later  work  have  been  incorporated  in  the  latest  edition 
of  Health  Bulletin  No.  23.  There  are  still  numerous 
gaps,  however,  which  will  have  to  be  filled  before  the 
information  on  most  of  the  foodstuffs  can  be  consider¬ 
ed  complete. 

The  above  is  a  general  account  of  foodstuffs. 
Some  of  them  are  so  important  from  the  standpoint 
of  nutrition  in  India  that  it  is  worthwhile  going  into 
greater  details  regarding  their  uses  and  nutritive 
value.  Separate  chapters  will,  therefore,  be  devoted 
to  rice  and  other  cereals,  pulses,  milk  and  milk 
products,  etc.,  whereas  some  others  will  be  treated  in 
less  detail. 
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CHAPTER  III 


RICE 

RICE  FORMS  the  staple  food  of  more  than  half  the 
population  of  India.  Its  annual  production  in  un¬ 
divided  India  was  estimated  to  be  about  29  million 
tons.  The  chief  areas  of  production  were  Assam, 
Bengal,  South  India,  West  Coast  of  India,  and  certain 
smaller  areas  in  the  remaining  provinces  of  the 
country.  After  August  1947,  subsequent  to  the  parti¬ 
tion  of  the  country,  the  annual  production  has  been 
estimated  to  be  in  the  neighbourhood  of  20  million 
tons.  According  to  agricultural  experts,  about  200 
varieties  of  rice  are  cultivated  in  India. 

In  days  when  food  shortage  did  not  exist,  freshly 
harvested  paddy  was  stored  for  allowing  the  rice  to 
mature,  the  cultivator  storing  his  own  paddy  for 
family  consumption.  The  people  liked  rice  which  had 
been  prepared  from  paddy  stored  for  six  months  to  a 
year.  Nowadays,  however,  the  storage  of  paddy  is 
limited  and  fresh  harvests  have  to  be  brought  to  the 
market  either  directly  or  through  Government  pro¬ 
curement  schemes. 

The  varietal  difference  in  the  chemical  composi¬ 
tion  have  not  been  carefully  studied.  It  is,  however, 
known  that  proteins  in  rice  may  vary  from  6  to 
9  per  cent,  P2O5  0-06  to  012  per  cent  and  CaO,  0-06 
to  o-ii  per  cent  (Sreenivasan  1939)*  These  are  fairly 
large  variations;  similar  differences  may  exist  in  the 
amount  of  thiamine,  but  it  is  safe  to  say  that  no 
attempt  has  been  made  to  breed  and  propagate  the 
nutritionally  preferable  varieties  of  rice  for  agricul¬ 
tural  production.  Sen  (1916)  has  given  analytical 
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figures  for  Bihar  rice.  Basu  and  Sarkar  (1935)  have 
analysed  18  varieties  of  Bengal  rice,  16  of  which  were 
pure  line  strains  and  2  hybrids.  Ghitre,  Desai  and 
Bharani  (1948)  have  studied  36  pure  bred  strains 
from  Bombay  State  for  their  proximate  principles, 
minerals  and  niacin  and  carotene  content.  Sadasivan 
and  Sreenivasan  (1938)  report  analytical  figures  for 
proximate  principles  and  minerals  for  22  varieties  of 
pure  bred  strains  from  Madras  state.  The  influence 
of  cultural  practices  on  the  nutritive  value  of  rice  has 
received  even  less  attention.  McGarrison  (1928) 
observed  that  rice  grown  by  dry  crop  method  was 
superior  in  nutritive  value  to  rice  raised  as  a  wet  crop. 
On  the  other  hand,  Sreenivasan  and  Sadasivan  (1942) 
reported  that  dry  cultivated  rice  was  least  effective  in 
promoting  growth  of  young  albino  rats  when  supplied 
as  sole  source  of  protein  and  minerals,  and  wet 
cultivated  transplanted  rice  most  effective;  the  irri¬ 
gated  broadcast  rice  had  given  an  intermediate 
growth  response.  These  authors  also  report  a  higher 
protein  and  mineral  content  in  irrigated  rice,  than  in 
dry  cultivated  rice.  Earlier  experiments  on  the 
effect  of  manurial  treatment  reported  by  Sadasivan 
and  Sreenivasan  (/or.  cit.)  do  not  indicate  appreciable 
alterations  in  the  composition  of  rice  with  re'pect  to 
protein,  calcium  and  phosphorus.  It  is  evident  that 
urther  work  is  needed  on  this  problem  particularly 
from  the  standpoint  of  the  effects  which  cultural 
differences  have  on  the  vitamin  content  of  rice. 

The  Chemical  Composition  of  Rice:  The 
results  of  analyses  carried  out  by  different  investiga- 
^ors  mentmned  above  have  been  incorporated  in 
f  able  11.  This  is  not  an  exhaustive  list;  there  are 
other  analyses  available  too,  but  out  of  the  five 
references  quoted  in  the  Table,  four  are  of  recent 
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origin  and  include  the  analysis  of  rice  samples 
obtained  from  practically  the  major  portion  of  rice 
growing  regions.  It  is  to  be  noticed  that  the  recorded 
average  figures  for  protein  in  rice  from  Madras  and 
Bombay  States  are  lower  than  those  found  for  Bihar 
and  Bengal  varieties.  In  other  respects,  there  seems 
to  be  little  difference. 

Vitamins  in  Rice  :  There  have  been  even  fewer 
investigations  in  India  on  the  vitamin  content  of  rice. 
Although  a  few  coloured  varieties  of  rice  may  show 
traces  of  carotenoids,  rice  is  of  importance  only  from 
the  standpoint  of  its  contribution  to  the  diet  of  vita¬ 
mins  of  the  B  complex,  particularly  vitamin  B,.  Table 
III  summarises  the  available  information  on  the 
vitamin  content  of  Indian  rice. 

TABLE  III— VITAMINS  B  IN  RICE 

Variety  and  number  Thiamine  Riboflavin  I  Niacin  Pyridoxine 

of  samples  ug  per  gm.  agpergm.  «gpergm.|«gpergm. 

Brown  (5) 

Brown  (1) 

Handpounded  (8) 

Machine  milled  (8) 

Brown  (11) 

Brown 

Handpounded 
Milled 

Numbers  in  parentheses  indicate  the  number  of  samples  analysed 

The  above  will  reveal  the  vast  gap  which  exists  in 
our  knowledge  regarding  the  vitamin  content  of 
different  varieties  of  rice. 
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24-0 
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46 

24 
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Storage  of  Rice :  Rice  is  usually  stored  in  husk 
for  varying  lengths  of  time.  Husked  rice  is  difficult 
to  store  as  it  is  liable  to  insect  and  fungal  attack 
during  storage.  On  the  other  hand,  milled  rice  keeps 
better  than  merely  husked  rice.  Rice  obtained  from 
freshly  harvested  paddy  cooks  into  a  glutinous  mass. 
There  is  no  doubt  that  during  storage  the  cooking 
quality  improves.  Rao  (1938)  ascribes  this  improve¬ 
ment  to  a  completion  of  the  change  taking  place  in 
starch  due  to  slow  dehydration  occurring  during 
storage.  Sreenivasan  (1939)  finds  that  well  stored 
grains  take  up  about  twice  as  much  water  during 
cooking  as  unstored  grains,  the  former  proportionate¬ 
ly  swells  much  more  and  gives  a  cooked  product  as 
discrete  grains.  Stored  rice  is  also  more  easily  diges¬ 
tible  than  fresh  harvested  rice  although  the  in  vitro 
digestibility  of  pure  starches  prepared  from  two  grains 
is  not  appreciably  different.  Thiamine  content  of 
rice  as  affected  by  storage  has  been  investigated,  but 
systematic  investigations  controlling  temperature, 
humidity  and  time  are  lacking.  Passmore  and  Sundara- 
rajan  (1941)  found  negligible  losses  in  thiamine  after 
three  months’  underground  storage  of  paddy.  Rao, 
Ramachandran  and  Rau  (1942)  also  found  no  thia¬ 
mine  loss  in  samples  of  paddy  stored  in  stoppered 
bottles  for  three  years.  On  the  other  hand, 
Chitre  (1949)  reports  the  almost  complete  loss  of 
thiamine  in  bottle-stored  paddy.  The  observations 
of  Kik  and  Williams  (1945)  in  the  U.  S.  A.  are  in¬ 
teresting.  They  observed  a  loss  of  8  to  15  per  cent 
in  thiamine  after  storage  for  nine  months  at  84  F 
whereas  the  losses  in  cold  storage  for  2l  years  were 
negligible. 

Although  the  consumer  is  unaware  of  the  changes 
taking  place  on  storage,  he  prefers  stored  old  rice  to 
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the  freshly  harvested  produce  for  the  reason  that  the 
former  cooks  well. 

Milling:  Rice  is  usually  consumed  after  subject¬ 
ing  it  to  either  hand-pounding  or  milling.  The 
practice  of  hand-pounding  was,  before  the  installa¬ 
tion  of  mechanical  devices,  the  sole  means  of  treating 
rice  for  removing  the  bran  layers.  Machine-milling, 
since  its  introduction  in  India,  has  become  of  increa¬ 
sing  importance  in  rice  industry.  It  has  gradually  but 
firmly  ousted  hand-milling  to  a  considerable  extent. 


Figure  II -Loss  of  thiamine  on  milling  of  raw  and  parboiled 
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It  is  to  be  noted,  however,  that  in  villages  of  India, 
rice  is  still  hand-pounded,  but  the  rice  prepared,  for 
the  market  is  usually  machine-milled. 

When  rice  is  dehusked,  the  shell  is  removed  leav¬ 
ing  behind  the  embryo  attached  to  the  rest  of  the 
grain.  This  attachment  is,  however,  not  very  strong. 
In  hand-pounding  as  well  as  milling  the  embryo  is 
the  first  to  be  detached  and  simultaneously  the  bran 
layers  continue  to  be  removed,  the  removal  being  in 
proportion  to  the  degree  of  milling.  Approximately, 


RICE 


25 


16  to  28  per  cent  nitrogen  and  80  to  84  per  cent 
pho.sphorus  were  found  to  be  removed  in  two  varie¬ 
ties  of  rice  when  they  were  subjected  to  experimental 
milling  so  as  to  remove  24  per  cent  of  the  grain 
weight.  This  loss  is  not  inconsiderable  but  the  losses 
of  B  vitamins  are  more  serious.  Figures  II  and  III 
show  the  extent  of  removal  of  thiamine  and  nicotinic 
acid  when  rice  is  milled. 

The  inability  of  rice-eating  people  to  supplement 
their  diets  with  nutritious  foodstuffs  owing  to  the 
widespread  poverty  makes  the  milling  of  rice  a  posi¬ 
tive  public  health  danger. 

The  time  honoured  but  slow  method  of  hand¬ 
pounding  is  less  destructive  in  that  it  gives  nutrition¬ 
ally  a  better  product.  The  usual  practice  is  to  pound 
rice  with  a  long  wooden  pestle  in  an  iron,  wooden  or 
stone  mortar.  The  removal  of  bran  layers  is  imper¬ 
fect  and  hence  the  losses  of  nutrients  also  are  less 
complete.  The  following  table  (Table  IV)  based  on 
figures  reported  by  Aykroyd  el  al  floe,  cit.)  will  illus¬ 
trate  the  difference  in  the  thiamine  content  of  hand- 
pounded  and  machine-milled  rice. 


TABLE  IV— THE  EFFECT  OF  PROCESSING  ON 
THIAMINE  CONTENT  OF  RICE 


Variety 

Raw 

Parboiled 

Hulled 

Hand. 

Pounded 

Machine. 

milled 

Hand- 

Pounded 

Machine- 

milled 

Vadan  Samba  ... 

2-5 

U. g  this 

2-1 

tmine  per 

0-6 

'ram. 

21 

2-1 

CO-9 

3-7 

2-9 

1.3 

2-4 

2-0 

ADT-11I 

2-9 

2.1 

1-3 

2-4 

1-6 

GEB-24 

2-9 

2-1 

1-3 

20 

1-7 
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Thus  in  machine-milling,  up  to  75  per  cent  of 
thiamine  may  be  lost  in  the  bran;  higher  losses  are  not 
unknown.  In  hand-pounding,  on  the  other  hand, 
losses  average  about  25  per  cent.  There  is  no  doubt, 
therefore,  that  hand-pounding  of  rice  is  better  than 
milling.  Now  that  milling  of  rice  has  replaced 
hand-pounding  to  a  large  extent,  reversion  to  the  old 
methods  is  impracticable.  During  the  war,  various 
provincial  governments  in  India  had  enacted  laws 
with  a  view  to  obtaining  undermilled  rice,  their  main 
object  in  doing  so  was  to  produce  more  rice  for  the 
market  by  saving  bran  losses  incurred  in  milling.  As 
a  result  of  this  policy  rice  of  indifferent  appearance, 
varying  cooking  quality  and  poor  keeping  quality  has 
been  offered  for  consumption.  The  undermilled  rice 
does  not  store  well.  The  small  amounts  of  fat  in  the 
grain  tend  to  get  rancid  and  spoil  the  quality  of  the 
product.  Further,  owing  to  the  high  humidity  which 
exists  in  certain  times  of  the  year  in  most  of  the  rice 
producing  and  consuming  regions  it  falls  an  easy  prey 
to  bacterial  and  fungal  attack.  The  restriction  on 
milling  of  rice  raises  the  problem  of  the  high  phytin 
content  of  rice  interfering  with  the  absorption  of 
calcium  and  iron.  All  these  disadvantages  due  to 
undermilling  assume  importance  when  rice  has  to  be 
supplied  to  urban  areas.  It  is  obvious  therefore, 
that  undermilling  of  rice  to  a  controlled  degree  is 
only  one  of  the  methods  of  producing  rice  of  high 

nutritional  quality.  .  f 

Parboiling  of  Rice:  A  very  large  proportion  ot 

paddy  in  Madras,  Bengal  and  on  the  west  coast  is 
subjected  to  a  process  known  as  parboiling.  1S 
consists  in  soaking  paddy  in  cold  or  warm  water  for 
varying  lengths  of  time,  followed  by  steaming  til  the 
grain  becomes  soft  and  partly  or  wholly  cooked. 


The  excess  water  is  drained  off  and  paddy  is  spread 
out  to  dry.  Dried  parboiled  paddy  is  then  hulled 
giving  a  product  known  as  parboiled  rice.  The  grain 
is  slightly  coloured,  harder  than  the  original  rice 
grain  and  may  possess  an  odour  which  varies  from  a 
faint  nondescript  type  to  a  definite  offensive  one. 
Parboiled  rice  is  subjected  to  the  usual  process  of 
hand-pounding  or  milling.  When  cooked,  it  gives  a 
product  in  which  the  cooked  grain  is  discrete  and 
rather  hard  to  the  feel. 

m 

The  practice  of  parboiling  is  old  and  seems  to 
have  changed  little  with  the  passage  of  time.  The 
methods  are  entirely  empirical  and  differences  may 
be  found  in  (a)  time  of  soaking,  (b)  temperature  of 
steep  water,  (c)  renewal  or  otherwise  of  steep  water 
and  (d)  period  of  steaming.  The  final  stage,  i.e., 
drying  in  sun,  is  the  most  variable  and  hence  defective 


since  it  depends  upon  the  temperature  and  humidity 
of  the  surrounding  atmosphere  as  well  as  air  movement. 

The  method  of  parboiling  has  received  some 
attention  from  several  investigators.  As  yet,  however, 
it  must  be  admitted  that  these  studies  have  made 
little  impression  on  the  age  old  methods  which  are 
still  being  practised  in  the  production  of  parboiled 
rice.  Aykroyd  (1932)  demonstrated  by  rat  experi¬ 
ments  that  parboiled  rice  retains  a  considerable 
amount  of  vitamin  Bi  even  when  highly  milled 
oreemvasan  (1936)  studied  parboiling  on  a  laboratory 
scale  by  controlling  the  several  variables  in  the  pro- 
cess  referred  to  above.  He  found  that  the  yield  of 
rice  did  not  differ  with  different  treatments  in  which 
the  temperature  of  steep  water  was  varied,  as  also 
he  period  of  steeping  from  2  to  72  hours  and  steam- 
mg  at  atmospheric  pressure  to  .5  lbs  up  to  25  minutes 
He  noticed  a  slight  enrichment  (2  to  3  per  cent)  of 
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the  kernel  with  nitrogen  which  he  ascribed  to  the 
fact  that  parboiling  probably  rendered  the  outer 
coatings  of  rice  kernel  tough  and  therefore  less  liable 
to  be  lost  in  hulling.  The  smell  of  parboiled  rice  was 
found  to  depend  upon  the  extent  of  fermentation 
which  took  place  when  rice  was  allowed  to  soak  at 
room  temperatures  from  48  to  72  hours,  particularly 
if  the  steep  water  was  unchanged. 

Although  parboiled  rice  is  slightly  richer  in  nitro¬ 
gen  and  phosphorus,  the  losses  in  these  two  elements 
are  proportionately  the  same  as  in  raw  rice  when 
subjected  to  an  equal  degree  of  milling.  Thus  in  this 
respect  milling  seems  to  have  a  different  effect  to  that 
found  for  vitamins.  The  effect  of  milling  of  parboiled 
rice  on  its  thiamine  and  nicotinic  acid  content  has 
been  illustrated  in  Figures  II  and  III.  Aykroyd  (loc. 
cit.)  suggested  that  during  parboiling  the  vitamins 
from  the  outer  coats  of  rice  kernel  penetrated  into  the 
grain  and  were  more  evenly  distributed  thus  account¬ 
ing  for  their  greater  retention  in  the  parboiled  milled 

rice* 

This  explanation  held  the  ground  till  the  detailed 
researches  of  Hinton  (1948)  threw  additional  light  on 
the  events  responsible  for  vitamin  distribution  in  rice 
grain  during  parboiling.  Nicholls  (1947)  had  earlier 
suggested  that  in  parboiled  rice  the  scutellum,  which 
was  richer  in  thiamine  than  the  endosperm,  was  more 
firmly  attached  to  the  grain  and  less  liable  to  be 
removed  by  milling.  Hinton  demonstrated  that  a 
redistribution  of  thiamine  from  germ,  scutellum  and 
aleurone  layers  took  place  during  parboiling  with  the 
result  that  the  endosperm  became  richer  in  thiamine 
than  that  of  raw  rice.  He  also  confirmed  Nicho  s  sug¬ 
gestion  that  the  germ  and  scutellum  attained  a  firmer 
attachment  to  the  rest  of  the  grain  during  parboiling. 
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According  to  Hinton,  steeping  for  four  hours  at 
75  C  achieves  the  object  of  vitamin  redistribution 
without  causing  much  destruction  of  thiamine  and 
that  steaming  is  no  longer  necessary.  Rao  (1949) 
has  developed  a  method  in  which  paddy  is  steeped 
for  two  hours  in  a  0-2  per  cent  solution  of  calcium 
chloride  at  70  C  and  dried  in  mechanical  driers.  The 
product  obtained  is  light-coloured  and  odourless  and 
is  richer  in  calcium  than  raw  rice. 

Thus  it  will  be  clear  that  it  is  not  impossible  to 
obtain  an  acceptable  and  at  the  same  time  nutrition¬ 
ally  desirable  product  by  parboiling.  The  pressing 
need  of  the  moment  is  to  introduce  practices  based 
on  scientific  knowledge  in  actual  manufacturing  prac¬ 
tice.  During  World  War  II,  the  possibility  of  instal¬ 
ling  a  Huzenlaub  plant  for  rice  ‘conversion’  was 
explored  but  on  mature  consideration  it  was  found 
that  although  the  process  was  undeniably  a  good  one, 
it  was  not  suitable  to  the  peculiar  conditions  in  India 
governing  rice  production  and  marketing.  That  does 
not  mean,  however,  that  current  practices  cannot  be 
modified.  Improvements  can  be  introduced  provided 
the  rice-milling  industry  is  willing  to  co-operate.  It 
is  time  that  it  did. 

Other  methods  of  processing  rice  and  paddy: 

There  are  some  methods  in  common  use  throughout 

India  according  to  which  paddy  is  treated  so  as  to 

give  products  ready  to  be  consumed  without  further 

cooking.  Four  such  products  are  known  which 

depend  upon  the  procedure  adopted  as  described 
below. 

1.  Paddy  is  wetted  with  a  little  water.  It  is  then 
mixed  with  about  four  times  its  volume  of  pre-heated 
sand  in  a  frying  pan  kept  on  the  open  fire,  the  tem¬ 
perature  of  the  sand  being  about  230°  -  240°C.  Paddy 
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is  rapidly  stirred  with  an  iron  ladle  and  after  two  to 
three  minutes  it  is  thrown  over  a  wire  sieve  which 
removes  the  sand  leaving  behind  parched  rice  which 
has  swollen  and  burst  out  of  the  cracked  hull  during 
parching.  The  temperature  of  the  mass  immediately 
after  the  removal  of  sand  is  between  130  -  i4o°C.  The 
sudden  rise  of  temperature  from  that  of  the  room  to 
i3O0C  causes  a  very  quick  evaporation  of  moisture 
contained  in  the  grain  and  the  latter  opens  out,  and 
gives  an  appearance  as  if  something  had  mildly 
exploded  inside  the  cereal.  The  final  product  which 
has  different  names  in  local  vernaculars,  is  very  tasty 
and  is  usually  used  as  food  for  convalescents. 

2.  Paddy  is  steeped  in  warm  water,  the  tempera¬ 
ture  of  which  to  begin  with  is  60  70  G.  After 

steeping  overnight  during  which  time  the  mixture  has 
cooled  down  to  room  temperature,  water  is  drained 
off.  Small  amounts  of  steeped  paddy  are  heated  in 
a  shallow  pan  till  the  husk  begins  to  crack,  then 
transferred  to  a  wooden  mortar  and  pounded  by 
means  of  a  wooden  pestle.  The  grain  is  beaten  flat 
and  in  the  same  operation  is  dehusked.  The  product 
is  then  dried.  An  elongated,  flat  grain  with  partially 
broken  margins  is  obtained.  It  can  be  eaten  as  such 
or  after  frying  in  oil  or  ghee  and  mixed  with  other 

spices.  . 

3.  The  beaten  flat  rice  obtained  in  the  process 

described  in  the  last  paragraph  is  parched  with  pre¬ 
heated  sand.  The  flat  grain  then  swells  and  assumes 

a  ‘roasted’  taste  and  flavour.  , 

4.  Paddy  is  boiled  in  water,  dried  and  dehusked. 

The  grain  is  then  parched  as  already  described. 

The  above  mentioned  products  do  not  form  part 
of  regular  meals,  but  as  constituents  of  between-meal 
snacks  they  enjoy  great  popularity  as  sweet  or  savoury 
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preparations  mostly  the  latter.  These  procedures 
while  enhancing  the  palatability  of  the  product  do 
not  adversely  affect  the  digestibility  and  biological 
value  of  rice  proteins;  on  the  other  hand,  slight 
increases  in  both  have  been  observed  by  Acharya, 
Niyogi  and  Patwardhan  (1942). 

Nutritive  Value  of  Rice:  In  dietaries  based  on 
rice,  the  latter  forms  a  major  source  of  proteins  and 
thiamine  apart  from  its  contribution  of  starch  in 
which  it  is  exceedingly  rich.  Hence  the  digestibility 
of  rice  protein  and  its  thiamine  content  are  extremely 
important  from  nutritional  standpoint.  Several 
reports  of  investigations  in  India  are  available  which 
show  that  the  digestibility  of  rice  protein  is  well  over 
90  per  cent  and  its  biological  value  is  also  compara¬ 
tively  high.  Using  the  balance  sheet  method  at 
5  per  cent  protein  level  and  rats  as  experimental 


animals,  Swaminathan  (1937)  reported  for  rice  protein 
a  biological  value  of  80.  Similar  figures  for  raw, 
polished  and  parboiled  rice  are  given  by  Basu  and 
Basak  (1937)  and  Acharya,  Niyogi  and  Patwardhan 
(1942).  Working  with  6  adult  human  subjects,  Mitra 
and  Verma  (1948)  found  a  biological  value  of  67  for 
rice  in  a  diet  containing  nearly  20  ounces  or  more  of 
rice  and  approximately  three  to  four  ounces  of  pulses 
per  day.  The  above  figure  is  identical  with  that 
obtained  by  Basu,  Basak  and  De  (i94I)  on  one 
subject. 

The  contribution  rendered  by  rice  to  dietary 
thiamine  is  conditioned  in  India  by  a  number  of 
circumstances.  It  depends  upon  whether  one  con¬ 
sumes  raw  or  parboiled  and  hand-pounded  or  milled- 
rice.  The  effect  of  parboiling  and  milling  has  been 
discussed  earlier  and  it  has  been  shown  that  an  im¬ 
proved  method  of  parboiling  would  ensure  a  product 
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with  a  fairly  high  thiamine  content  and  that  losses  on 
milling  of  such  rice  would  be  comparatively  small,  so 
that  the  public  demand  for  lightly  coloured  milled- 
rice  could  be  met  without  unduly  sacrificing  the 
quality  of  rice. 

There  is  another  and  a  very  important  step  where 
rice  loses  quite  a  good  deal  of  thiamine  before  it  is 
finally  eaten.  That  step  consists  of  preparation  of 
cooked  rice.  The  common  practice  of  cooking  rice 
in  India  is  described  below  to  enable  one  to  under¬ 
stand  the  various  stages  where  such  losses  might 
occur.  Rice  as  purchased  is  first  cleaned  of  broken 
grains  and  foreign  matter.  It  is  then  washed  repeated¬ 
ly  with  plenty  of  water.  At  least  three  washings  are 
common  while  more  are  not  infrequent.  The  wash 
water  is  allowed  to  drain  and  the  wet  rice  is  stirred 
in  into  a  pot  containing  water— just  brought  to  boil. 
The  pot  is  heated  on  open  fire.  As  the  water  boils 
vigorously  the  rice  grain  gradually  swells.  At  the 
same  time  it  loses  part  of  its  starch  and  some  nitroge¬ 
nous  material  which  forms  a  viscous  gelatinous  fluid. 
When  the  rice  grain  has  softened  and  imbibed  the 
maximum  amount  of  water,  the  excess  of  the  water  is 
drained  off  by  tilting  the  vessel.  The  final  step  con¬ 
sists  in  allowing  the  rice  in  a  covered  pot  to  be  fully 
cooked  by  the  steam  from  residual  water.  During  this 
time  only  gentle  heat  is  necessary.  Well  cooked  rice 
should  be  soft  to  the  core  with  each  cooked  grain 
remaining  discrete. 

Raw  milled  rice  may  lose  up  to  60  per  cent  and 
parboiled  rice  io  per  cent  during  washing.  Larger 
the  number  of  washings,  greater  the  loss.  The  first 
washing  is  responsible  for  40  -  50  per  cent  loss  of 
thiamine  in  rice  (Swaminathan  1942),  subsequent 
washings  removing  much  less.  The  second  stage 
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where  losses  may  occur  is  when  excess  water  after  the 
rice  is  almost  completely  cooked  is  drained  off. 
Table  V  illustrating  losses  during  cooking  is  based  on 
the  figures  reported  by  Aykroyd  et  al  (1940)  as  a 
result  of  controlled  experiments  in  the  laboratory. 


TABLE  V 


LOSSES  OF  THIAMINE  IN  COOKING  OF  RICE 


Thiamine  in  rice  yug./gm. 

Rice 

Uncooked 

Washed  and 
Cooked 

Loss 

% 

Co-5 

Raw  milled 

0-8 

0-2 

75 

Parboiled  milled 

L9 

0-9 

53 

Co-2 

Raw  milled 

0  9 

0-1 

89 

Parboiled  milled 

2-1 

1.0 

52 

Co-7 

Raw  milled 

0-9 

0-3 

67 

58 

Parboiled  milled 

2-6 

LI 

It  must  be  mentioned  that  in  actual  practice  the 
losses  in  thiamine  must  be  more  than  the  above 
figures  suggest,  for  the  simple  reason  that  there  is  no 
control  on  the  amount  of  water  used  for  washing  or 
for  cooking.  There  are,  however,  certain  regions  in 
n  la  w  ere  cooking  losses  are  somewhat  less,  for 

imb7he1CeTh-C°°ker  jUSt  “  much  water  as  '«  wolild 

bibe.  This  method  requires  a  little  skill  and  expe¬ 
rience  of  the  cooking  quality  of  rice. 

It  may  be  of  interest  to  mention  that  work  done 

La:;:nfttfilSA- by Kik  and  w»>a- 

Of  processing  S7  W°rkerS  India  on  the  effect 

thiamine  corner  "g  "d  C°°king  °f  Hce  * 
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CHAPTER  IV 


WHEAT  AND  OTHER  CEREALS 

The  AMOUNT  OF  WORK  done  in  India  on  wheat  is 
much  too  little  compared  to  the  detailed  investiga¬ 
tions  on  rice  already  described.  This  difference  is 
noteworthy  for  apart  from  rice  wheat  also  forms  an 
important  cereal  in  Indian  diets.  Punjab,  Delhi  and 
a  major  portion  of  Uttar  Pradesh  are  the  main  wheat 
producing  areas  and  also  those  where  wheat  forms  the 
staple  cereal.  Parts  of  Bihar,  Central  India  and 
Central  Provinces  are  other  regions  where  also  people 
eat  wheat. ‘Rajasthan,  Sourashtra,  Berar, Hyderabad, 
Bombay  State  and  Mysore  are  the  large  millet  pro¬ 
ducing  parts  of  the  country.  In  these  places,  jowar 
(Sorghum  vulgar e),  bajra  ( Pennisetum  typhoideum ),  and 
rasi  ( Eleusine  coracana )  are  the  chief  millets. 

One  reason  which,  according  to  the  author,  may 
possibly  explain  the  lack  of  interest  on  the  part  ot 
investigators  may  be  that  these  food  grams  are  very 
much  less  subjected  to  processing  as  compared  to  nee 
Sporadic  attempts  to  study  the  chemical  comP0^  °n 
of  these  food  grains  have  been  made;  their  tesuUs 
will  be  referred  to  under  each  individual  fo 

graWheat:  The  average  composition  of  Indian 

whelt  cao  be  found  in  Health  Bulletin  No  *3 and  - 
a  report  by  Mitra  and  Mittra  (1941).  In  India 
bulk  of  wheat  is  consumed  as  atta  whic  ls  meL,^ 
whole  wheat  ground  to  flour  and  used  as  such. 
difference  in  the  composition  of  the  two  is  practical  > 
?  At  least  in  some  homes  the  flour  may  be  passed 
Sough  a  coarse  sieve  to  remove  the  fibre  rich  bran. 
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Several  attempts  to  determine  the  amount  thus 
removed  have  given  the  figure  which  lies  between 
5  to  7  per  cent  by  weight.  This  means  that  Indians 
use  for  their  daily  bread  a  flour  of  extraction  rate 
which  varies  from  93-95  per  cent.  Bread  as  is  known 
in  the  West  is  consumed  by  a  negligible  proportion  of 
the  people,  although  it  is  true  that  its  consumption 
shows  signs  of  increase.  It  is  the  unleavened  bread, 
or  chappatie  as  it  is  known,  that  forms  the  commonest 
preparation  of  wheat  flour,  and  to  make  good  chap- 
paties  the  refining  of  flour  is  not  necessary.  Even  in 
chappatie  making  there  are  interesting  variations 
which  should  be  described  briefly  to  give  an  idea  of 
Indian  food  habits  with  regard  to  wheat. 

There  are  three  or  four  different  methods  which 
are  in  vogue  in  different  parts  of  India.  The  simplest 
consists  in  mixing  flour  with  the  requisite  quantity  of 
water  and  kneading  the  mixture  till  the  dough  is 
obtained.  The  dough  is  allowed  to  stand  for  some 


time,  e.g.  half  to  one  hour,  and  then  given  a  second 
kneading,  after  which  a  small  portion  of  the  dough  is 
rounded  off  between  the  palms  of  the  hand  and  rolled 
on  a  wooden  board  with  a  rolling  pin  into  a  flat  cir¬ 
cular  and  thin  (about  1/16"  to  1/12"  thick)  chappatie 
which  is  then  placed  on  a  shallow  pan  on  an  open 
fire.  One  side  of  the  chappatie  gets  baked  in  about 
two  minutes  when  it  is  turned  over  and  baked  on 
the  other  side.  After  both  sides  are  baked  the  chap¬ 
patie  is  placed  on  fire  direct  and  manipulated  by 
hand  or  a  pair  of  tongs  when  it  separates  in  two 
layers  and  is  ready  for  eating.  There  are  minor 
variations  ,n  this  general  procedure  resulting  inlick 
r  thin  Chappahes.  In  some  places  a  little  oil  or  ghee 
and  salt  are  mixed  with  the  dough.  With  thislst 
procedure  one  can  obtain  chappatie  with  a  slightly 
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open  texture  and  which  has  much  less  tendency  to 
harden  when  kept  for  12  to  24  hours. 

A  second  method  consists  in  preparing  the  dough 
with  a  little  oil  or  ghee  and  salt  mixed  with  the  flour 
and  rolling  the  dough  as  above.  A  thin  layer  of  oil 
or  ghee  is  smeared  on  one  side  and  the  chappatie 
folded,  another  thin  layer  is  smeared  and  a  second 
fold  given.  This  twice  folded  chappatie  is  rolled 
again  and  baked  on  a  flat  open  pan.  In  this  method 
the  chappatie  need  not  be  placed  on  the  open  fire. 
It  is  ready  to  eat  when  both  sides  are  baked  on  the 
pan  itself;  as  a  furtherrefinement  one  can  add  a  little 
ghee  to  the  pan  and  turn  the  chappatie  twice  when 
a  product  known  as  paratha  is  obtained.. 

A  third  and  important  preparation  is  called  pant. 
Small  flat  pieces  of  rolled  chappatie  3  to  4  inches  in 
diameter  are  deep  fried  in  ghee  over  open  fire,  lhe 
product  is  known  as  purie.  Recently,  hydrogenated 
oils  have  been  used  for  frying  pants,  but  that  is  main¬ 
ly  due  to  the  prohibitive  cost  of  butter  and  ghee. 
Purie  is  the  food  of  the  rich.  Poor  and  middle  class 
people  can  afford  it  only  on  festive  occasions;  simp  e 

chabbatie  is  the  poor  man’s  food. 

Proteins  of  Wheat :  Just  as  rice  makes  a  major 

contribution  of  proteins  in  a  rice  «yer  ^  diet>  whea 
does  it  to  a  larger  degree  to  a  wheat  eater  s  d.et  Th 
digestibility  and  biological  value  of  wheat  prot 
have  been  determined  both  in  rats  and  human  beings. 

(.937)  r—  .  “ 

and  digestibility  of  93  Per  cent  \n  5/D  c  as 

level.  gBasu  (1946)  gives  figures  for  B.V  and  DT  as 
,,  and  77  respectively  for  one  human  subject  and 

and  8.  to.  .■»*«• 
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not  exist  in  the  work  on  rats.  It  seems  safe  to  conclude, 
however,  that  in  mixed  diets  the  biological  value 
of  wheat  protein  does  not  differ  greatly  from  that  of 
rice  protein  so  far  as  the  human  subject  is  concerned. 
In  rats,  on  the  other  hand,  there  seems  to  be  some 
difference  in  favour  of  rice. 

Other  products  of  wheat  such  as  white  flour, 
patent  flour,  semolina,  etc.  are  used  in  India  for 
making  various  food  preparations  but  their  use  is  not 
so  important  quantitatively  as  that  of  atta. 

Jowar,  Bajra  and  Ragi :  These  millets  are  ex¬ 
tensively  consumed  in  India;  in  figure  I  are  indicated 
the  regions  where  they  are  produced  and  form  the 
staple  cereals  of  the  local  population.  Jowar  and 
bajra  are  mainly  consumed  in  the  form  of  unleavened 
bread  made  from  the  flour  of  the  whole  grain.  Since 
these  flours  contain  little  gluten,  the  dough  cannot  be 
rolled  into  chappaties.  The  freshly  made  dough  of 
jowar  or  bajra  is  beaten  on  a  flat  surface  sprinkled 
with  dry  flour  by  gentle  tapping  with  the  palm  of  the 
hand  and  fingers  with  a  slight  rotating  action.  A 
round  and  somewhat  thick  chappatie  results  which  is 
baked  on  a  shallow  pan  heated  on  open  fire.  When 
both  sides  are  suitably  done  the  final  baking  is  done 
on  open  fire  directly.  Sometimes  the  crushed  millet 
can  be  cooked  to  give  a  porridge  which  is  also  not  in¬ 
frequently  eaten  at  meals.  Ragi  is  poor  man’s  food 
and  in  many  places  is  the  cheapest  cereal.  The  com¬ 
mon  method  of  cooking  it  is  to  make  balls  of  moisten¬ 
ed  ragi  flour  and  to  steam  them.  They  can  then  be 
eaten  with  other  foods. 

A  certain  amount  of  information  is  available  about 
the  nutritive  value  of  protein  and  vitamins  B  content 
of  these  foodstuffs.  The  information  about  the  bio¬ 
logical  value  (B.V.)  and  digestibility  coefficients  of 
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total  proteins  of  cereals  as  found  by  experiments  on 
albino  rats  is  given  in  Table  VI.  The  balance  sheet 
method  shows  that  the  biological  value  of  jowar, 
bajra  and  ragi  proteins  compares  favourably  with 
rice  protein.  On  the  other  hand,  results  of  the  growth 
method  show  that  they  are  inferior  to  both  rice  and 
wheat  proteins  which  gave  values  of  i*7  anc^  res' 
pectively  in  a  comparable  experiment  carried  out  by 

the  same  author. 


TABLE  VI — THE  DIGESTIBILITY  COEFFICIENT  AND 
BIOLOGICAL  VALUE  OF  SOME  CEREAL  PROTEINS 


Source  of  Protein 


Jowar 

Bajra 

Ragi 


Maize 


Level  of 
Protein 
fed 

% 

5 

5 


5 

5 

5 


D.  C. 

B.  V. 

B.  V.  by 

growth 

method 

Reference 

91 

83  " 

0-78 

(1) 

91 

83 

— 

(2) 

89 

83 

1.15 

(1) 

80 

89^ 

0-71 

(1) 

93 

90 

— 

(2) 

78 

91 

— 

(3) 

80 

60 

1  — 

(2) 

(i)  Swaminathan,  M.  0937)-  v  N  /1<ua\ 

,  Acharya.  B  N.,  Niyogi.  S.  P..  and  Pa.wardha.,  VN.  OM»> 
(3)  Niyogi.  S.P..  Narayana,  N,  and  DeSa.,  B.G.  (1934)- 
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The  results  of  estimations  of  vitamins  in  these 
foodstuffs  are  given  in  Table  VII. 

TABLE  VII — VITAMINS  B  IN  SOME  CEREALS 


Cereal 

Thiamine 

Mg-/g- 

Riboflavin 

«g/g. 

Nicotinic 

Acid 

«g-/g- 

Pyridoxine 

Wg./g. 

Wheat 

3-76  1 

2- 5  to  4-23 

3- 6 8 

4.5 4 

1.19 7 

1-2 4 

23-3  8 

31 .05 

8.1  4 
6.4 4 

Jowar 

3-5  1 

3-8  to  4.92 
4.1  4 

Trace7 

18.2 4 

8-0 4 

7-3 6 

Bajra 

3-0 8 

38 4 

Trace7 

25 4 

11.3 8 

32 6 

10- 7  4 

11- 6  4 

Ragi 

4-2' 

2-7  to  4  0s 
4-2 4 

1 1.3 7 

0-5  4 

11.6s 

4-3* 

Maize  ... 

4-2 3 

4.1  4 

3.1 7 

14-8 4 

11-8 3 

2s 

1.  Passmore  and  Sundararajan  (1941). 

2.  Rao  et  al  (1942). 

3-  Bhagvat  (1943). 

4-  Swaminathan  (1938,  ,940(  lq42, 

»946). 


5-  Giri  and  Naganna  (1941). 
6.  Sarma  (1944). 

7-  Murthy  (1937). 
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CHAPTER  V 


PULSES  AND  LEGUMES 


Common  Indian  Pulses:  It  has  been  mentioned 
earlier  that  pulses  and  legumes  form  important  arti¬ 
cles  of  diet  in  India.  A  study  of  Table  VIII  should 
make  the  reason  obvious.  Those  Indians  who  have 
religious  objections  to  using  flesh  foods  derive  a  fair 
amount  of  protein  from  pulses  and  legumes.  Others 
who  have  no  such  scruples  and  yet  are  denied  the 
frequent  use  of  animal  foods  through  poverty  also 
have  recourse  to  these  foodstuffs.  Thus  it  seems  that 
by  experience  the  Indians,  like  other  inhabitants  of 
the  tropical  regions,  have  found  a  comparatively 
cheap  source  of  protein  to  supplement  their  cereal 
rich  diets.  Although  it  is  true  that  in  the  tropics  and 
subtropical  regions  outside  India  leguminous  food¬ 
stuffs  are  usually  consumed,  it  is  a  moot  question  if 

pulses  particularly  are  as  commonly  used  elsewhere 
as  they  are  in  India. 


n  a.r®Port  (i939)  on  Nutrition  in  the  Colonial 
Empire  (of  Great  Britain)  reference  has  been  made  to 
the  consumption  of  legumes  of  different  species.  In 

In  India  hjapan  SOya,  bean  is  an  imP°»ant  legume. 
In  India,  however,  pulses  are  consumed  on  an  exten- 

“ve  scale  and  therefore  fall  in  the  category  of  food 

crops  which  are  next  in  importance  to  tha/of  major 
cereals  discussed  earlier.  major 

anru!16  pulses>  pea  (field)  and  beans  like  cow  gram 


TABLE  VIII— PROTEIN  AND  VITAMIN  CONTENT  OF  INDIAN  PULSES  AND  LEGUMES 
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proteins  vary  in  biological  value  and  digestibility 
coefficient  as  determined  on  albino  rats.  In  Table 
VIII  are  given  the  average  values  collected  from  the 
available  data  mainly  derived  from  the  researches 
of  Swaminathan  (1938),  Basu  and  his  associates 
(1936,  1937)  and  Niyogi,  Narayana  and  Desai  (1931, 
1932). 

Bengal  gram,  red  gram,  black  gram,  green  gram 
and  lentil  are  the  five  pulses  most  commonly  used  in 
that  order  although  it  would  be  difficult  to  prove  it 
by  actual  figures  for  consumption.  Bengal  gram  is 
used  throughout  India  for  making  a  variety  of  foods. 
The  other  grams  are  mainly  used  to  make  dahl ,  spiced 
or  unspiced,  although  their  incorporation  in  other 
types  of  foods  is  not  uncommon.  The  digestibility  of 
protein  from  these  pulses  at  10  per  cent  level  was 
found  to  vary  in  rats  from  75  to  90  per  cent  and  the 
biological  value  from  41  to  73  per  cent.  From  the 
nutritional  standpoint,  Bengal  gram  and  red  gram  are 
superior  to  other  pulses  and  grams  and  thus  justify 
their  great  popularity. 

In  certain  parts  ol  India  it  is  a  common  practice 
to  soak  the  gram  (with  husk)  and  some  beans  also  in 
water  for  12  to  24  hours  and  then  to  tie  the  soaked 
grain  in  a  wet  cloth.  The  tied  bundle  is  allowed  to 
stand  at  room  temperature  for  another  24-48  hours 
when  most  of  the  grains  germinate.  The  easily  re- 
movable  husk  is  taken  off  and  the  germinated  legume 

her  eaten  raw  or  consumed  after  cooking  with 
spices.  A  reference  to  this  wholesome  practice  will 
be  made  somewhat  later. 

Niyogi,  Narayana  and  Desai  (iqcu  IQC!„i  i, 
studied  the  globulins  from  a  few  ofthe^  puTs  s  and 

tn  the  hvmdme,d  Te,°f  'hC  imP°rtant  amino  acidt 

hydrolysed  globulins.  Their  results  are 
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From  Niyogi,  Narayana  and  Desai  (1932) 
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summarised  in  Table  IX.  Although  the  information  is 
incomplete,  it  is  of  certain  value  if  it  is  remembered 
that  the  globulins  isolated  from  the  legumes  mention¬ 
ed  in  the  table  form  a  major  fraction  of  the  total 
proteins  present  in  them.  Desikachar  and  De  (1947) 
have  determined  the  cystine  and  methionine  content 
of  these  pulses  by  the  method  of  Evans  (1945)  and 
obtained  values  between  0-32  to  0-59  per  cent  and 
0-14  to  0-43  per  cent  respectively  on  air  dry  samples. 
Basu,  Nath  and  Mukherjee  (1937)  report  that  lentil  is 
markedly  deficient  in  cystine.  The  values  reported 
by  them  do  not  differ  much  from  those  mentioned 
in  Table  IX  and  hence  proteins  of  pulses  in  general 
can  be  considered  as  being  poor  sources  of  cystine 
and  tryptophane. 

Bhagvat  and  Sreenivasaya  (1935)  reported  that 
pulses  contained  10  to  55  per  cent  of  its  total  nitrogen 
in  a  form  which  was  dialysable  and  not  precipitated 
by  saturation  with  ammonium  sulphate.  They  men¬ 
tion,  however,  that  the  fractions  may  consist  of  simple 

peptides  and  higher  compounds  intermediate  between 
them  and  true  proteins.  Swaminathan  (1938)  who 
estimates  the  non-protein  nitrogen  by  precipitation 
with  copper  hydroxide  obtains  a  value  of  2.9  to  13.4 
per  cent  on  the  total  nitrogen.  This  fraction  which 
is  true  N.P.N.  is  probably  due  to  the  presence  of 

nitrogenous  compounds  other  than  protein  intermedi¬ 
ate  products. 

In  general,  pulse  proteins  have  a  lower  biological 
va  ue  than  cereal  proteins  as  judged  by  metabolic 
expertments  on  rats.  The  limiting  factors,  however 
are  not  necessarily  the  same  in  both  categories  of 

oTnirl  T'  3  favourable  supplementary  effect 

mem  offh  ,  t  exPected'  S™e  experi- 

ments  of  this  type  were  carried  out  by  Swaminathan 
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(1938)  who  claims  to  have  obtained  a  supplementary 
effect  when  a  cereal  like  ragi  or  rice  was  mixed  with  a 
pulse  so  that  proteins  derived  from  the  two  sources 
were  in  proportions  of  50  :  50.  His  results,  however, 
do  not  appear  convincing.  The  B.  V.  of  rice  protein 
was  80  and  that  of  Bengal  gram  62,  whereas  that  of 
the  protein  mixture  from  the  two,  66.  With  the  black 
gram  protein  of  B.  V.  62,  mixture  with  rice  gave  a 
B.  V.  of  61.  On  the  other  hand,  ragi  proteins  having 
a  B.  V.  of  89,  gave  in  mixture  with  Bengal  gram  and 
Black  gram  a  B.  V.  of  76  for  both.  This  value  is 
approximately  intermediate  between  the  B.V.  of  ragi 
proteins  and  the  two  pulse  proteins.  From  the  results 
one  can  only  conclude  that  rice  somehow  brings 
about  a  depression  in  the  biological  value  of  mixed 
proteins,  whereas  ragi  proteins  exert  neither  a  benefi¬ 
cial  nor  an  adverse  effect.  The  results  appear  to  be 
somewhat  confusing  and  hence  the  conclusion  of 
Swaminathan  regarding  the  supplementary  value  of 
pulse  and  rice  and  ragi  does  not  appear  to  be  fully 
justified.  This  comment  receives  further  sup¬ 
port  from  the  results  reported  by  Mitra  and  Mittra 
(i947)  who -report  that  the  B.  V.  of  rice  protein  is 
depressed  by  pulses  when  added  to  give  a  proportion 
of  1  :  0-75  for  rice  and  pulse  proteins.  A  further 
'  increase  in  the  proportion  up  to  1  :  1.25  does  not  make 
any  significant  difference  in  the  B.  V.  of  the  mixture. 

Soya  Bean  :  Soya  bean  has  excited  a  good  deal  of 
interest  and  controversy  among  the  nutrition  workers 
in  India.  It  is  an  important  crop  in  the  neighbour¬ 
ing  country,  China,  but  in  India  its  cultivation  has 
not  been  pursued  with  vigour.  Soya  bean,  however, 
is  not  altogether  unknown  in  India.  It  has  been  cu  - 
tivated  to  some  extent  in  Bengal,  Bihar  and  Orissa. 
In  addition,  it  is  grown  in  Bhutan,  Sikkim  and  t  le 
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Kingdom  of  Nepal.  It  is  likely  that  the  varieties  may 
have  been  originally  imported  from  China  for  culti¬ 
vation.  Sporadic  attempts  to  cultivate  soya  bean 
in  other  parts  of  India  have  been  made  but  as  yet  the 
bean  does  not  seem  to  have  assumed  the  status  of 
a  food  crop  in  India.  One  may  make  a  conjecture 
about  the  underlying  reasons.  Firstly,  soya  bean  or 
its  products  are  not  such  as  to  permit  a  liking  to  be 
easily  developed  among  people  unaccustomed  to 
them,  mainly  on  account  of  their  bitter  taste  and 
strong  flavour.  Secondly,  India  is  rich  in  a  variety  of 
pulses  and  legumes,  several  of  which  have  taken  a 
firm  foothold  in  Indian  dietaries.  Thirdly,  it  is  quite 
probable  (and  for  this  the  agricultural  expert  opinion 
is  necessary)  that  climatic  and  soil  conditions  in 
many  parts  of  India  were  not  suitable  for  soya  bean 
cultivation.  The  high  protein  and  fat  content  of  soya 
bean  are  considerations  which  are  of  nutritive  and 
commercial  importance.  The  United  States  of  Ame¬ 
rica  was  quick  to  see  the  possibilities  and  its  cultiva¬ 
tion  in  that  country  increased  by  leaps  and  bounds 
till  in  1941  over  2-6  million  tons  were  produced. 
Most  of  the  crop  is  used  for  extraction  of  oil  which  is 
of  a  good  edible  variety.  In  the  U.  S.  A.  a  great  deal 
of  work  has  been  done  on  the  nutritive  value  of  the 
residual  flour  and  of  the  proteins  contained  in  it 
Several  nutrition  workers  have  at  one  time  or 
other  considered  the  soya  bean  as  a  panacea  for  the 
1  S  suffered  by  the  poor  people  of  the  tropics  alleged- 

’Tu\*C(iOUnt  °f  the  l0W  Protein  content  of  the  diet. 

I  he  high  protein  content  of  soya  bean,  its  high  yield¬ 
ing  capacity  and  probably  its  cheap  cost  were  the 
mam  argument  advanced  by  the  exponents  of  soya 

of  thn,  h1!  er0t5er  hand’  there  was  another  school 
thought  in  India  which  was  of  the  opinion  that 
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although  soyabean  had  a  larger  protein  content  than 
several  pulses,  some  of  the  latter  were  more  nutritious 
on  account  of  the  higher  biological  value  and  digesti¬ 
bility  of  their  proteins.  They  also  argued  further 
that  the  pulses  were  familiar  articles  of  diet  and  it 
would  be  advisable  to  advocate  their  increased  pro¬ 


duction  and  consumption,  both  of  which  were  inade¬ 
quate.  Whereas  the  protagonists  of  soya  bean  derive 
strength  from  the  work  done  in  China,  Far  East  and 
in  the  U.S.A.,  the  opposing  school  based  their  argu¬ 
ments  on  actual  experimental  work  in  India,  the 
results  of  which  were  already  available.  Such  work 
was  done  mainly  at  the  Nutrition  Research  Labora¬ 


tories,  Coonoor,  South  India,  and  at  one  or  two 
other  places.  Taking  all  these  facts  into  considera¬ 
tion,  the  Nutrition  Advisory  Committee  of  the  Indian 
Research  Fund  Association  had  made  the  following 
recommendation  at  its  third  meeting  held  in  New 

Delhi  on  29th  November  1937. 

‘‘Soya  bean — The  nutritive  value  of  soya  bean  has 
been  studied  by  experiments  on  animals,  and  also  by 
controlled  experimentson  school  children.  The  general 
conclusion  is  that  soya  bean,  considered  as  a  supple¬ 
ment  to  typical  Indian  diets,  is  not  of  outstanding 
value;  it  does  not  appear  to  have  any  advantage 
over  various  common  pulses  which  have  long  formed 
part  of  the  diet  of  the  Indian  people.  While  it  would 
be  advisable  that  results  obtained  in  Coonoor  Labo¬ 
ratories  should  be  confirmed  elsewhere,  existing  data 
suggested  that  at  present  the  encouragement  of  the 
production  and  consumption  of  soya  bean  need  no 
be  made  a  prominent  part  of  nutritional  and  agricul¬ 


tural  policy  in  India."  , 

The  difference  of  opinion  between  the  two  schools 

of  thought  continued  to  exist  and  came  to  a  head  in 
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1941  when  the  Nutrition  Advisory  Committee 
thought  it  best  to  reach  an  agreed  conclusion  in  the 
interests  of  the  problem  itself  and  its  likely  effect  on 
the  policy  with  regard  to  soya  bean  cultivation  in 
India.  A  small  Sub-Committee  was  formed  consist¬ 
ing  of  the  warring  elements  and  it  was  decided  to 
undertake  extensive  investigation  on  soya  bean  in 
four  different  laboratories  in  India  according  to  an 
agreed  co-ordinated  plan.  The  investigations  com¬ 
menced  in  1942  and  concluded  in  1945.  They  em¬ 
braced  such  questions  as  (a)  biological  value  of  soya 
bean  proteins  and  other  pulses  by  metabolism  and 
growth  methods,  (b)  the  supplementary  value  of  soya 
bean  and  pulses  to  poor  rice  diets,  (c)  the  vitamin 
content  and  (d)  the  effect  of  soya  bean  and  pulse 
supplements  on  the  growth  of  school  children.  The 
results  of  the  above  work  have  been  incorporated  in 
the  Sub-Committee’s  report  published  by  the  Indian 
Research  Fund  Association  as  Special  Report  I.R.F.A. 
No.  13,  in  January  1946.  There  resulted  an  almost 
complete  agreement  on  the  various  points  and  the 
final  paragraph  of  the  report  will  illustrate  how  the 
recommendation  more  or  less  confirmed  the  view  ex- 

forilows-in  N°Vember  I93?-  The  paragraph  runs  as 


‘The  Sub-Committee  is  not  in  a  position,  therefore 
to  advocate  immediately  the  encouragement  of  the 
production  of  soya  bean  on  a  wide  scale  in  India  fo. 

should ahUbStUUt<ll0r  Indian  PU‘SeS-  The  question 
should,  however,  be  reconsidered  if  and  when  further 

Just  when  the  above  co-ordinated  investigation^ 
were  about  to  conclude  De  and  Subrahmanyan^ icu. ) 
came  out  with  a  Haim  u  .  Tan  k 1 945 J 

a  c  aim  that  by  preparing  a  .  water 
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emulsion  from  germinated  and  then  decorticated 
soya  bean,  a  product  was  obtained  which  was  pala¬ 
table  and  in  its  nutritive  value  approached  cow’s 
milk.  Their  original  method  consists  in  a  preliminary 
extraction  of  soya  bean  for  30  minutes  at  yo°C  with 
an  aqueous  solution  containing  0.5  percent  NaHC03 
and  1  per  cent  glycerol.  The  bean  is  then  ground  and 
mixed  with  four  times  its  weight  of  water,  boiled  and 
strained  through  cloth.  Sucrose,  2  per  cent,  and  cal¬ 
cium  lactate,  0-5  per  cent,  are  added  to  improve  taste 
and  calcium  content.  Subrahmanyan  and  his  collea¬ 
gues  have  been  busy  during  the  years  1945-49  in  im~ 
proving  their  method  of  preparation  and  testing  the 
product  for  its  effects  on  the  nutrition  of  rats  and 
human  beings.  They  found  that  the  biological 
value  of  soya  bean  milk  approached  90  per  cent  of 
that  of  casein  and  about  80  per  cent  ol  milk  proteins. 
Desikachar  and  Subrahmanyan  (1949)  reported  that 
in  children  of  1-4  years  the  calcium  and  phosphorus 
utilisation  was  identical  with  that  of  cow  s  milk 
although  the  utilisation  of  nitrogen  of  soya  bean  milk 
was  lower.  An  experiment  was  conducted  in  orpha¬ 
nages  on  about  400  children  where  it  was  found  that 
soya  bean  milk  gave  a  growth  response  approximate¬ 
ly  equivalent  to  80  per  cent  of  that  obtained  with 
cow’s  milk.  There  is  general  agreement  that  soya  bean 
milk  can  be  a  valuable  supplement  to  poor  rice  diets 
although  the  nutrition  workers  in  India  still  do  not 
entirely  agree  with  Subrahmanyan’s  interpretations 
egardlng  the  comparative  nutritive  values  of  soya 
bean  milk  and  cow’s  milk.  Subrahmanyan  himself  is 
partly  responsible  for  this:  the  method  of  preparing 
soya  bean  milk  has  been  so  altered  on  several  occa- 
sions  that  it  bears  no  relation  to  that  first  pu  is 
by  him.  Unless  one  cares  to  sift  carefully  the  evidence 
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presented  by  Subrahmanyan  in  a  series  of  volumi¬ 
nous  reports,  it  becomes  confusing  to  interpret  the 
results  obtained  with  soya  milk  prepared  by  half-a- 
dozen  different  methods,  none  of  which  have  been 
compared  among  themselves.  Secondly,  certain  tech¬ 
nical  defects  in  the  planning  and  conduct  of  human 
experiments  render  his  conclusions  open  to  question. 

Subrahmanyan  has  attempted  to  make  a  case  for 
soya  bean  by  writing  numerous  articles  on  the  subject, 
but  for  lack  of  support  from  agricultural  experts  on 
the  one  hand  and  nutrition  workers  on  the  other  the 
position  with  regard  to  soya  bean  and  our  policy 
regarding  its  cultivation  remains  just  where  it  was 
about  15  years  ago  when  the  Nutrition  Advisory 
Committee  made  its  first  recommendation. 


This  somewhat  lengthy  account  of  the  work  and 
conti  oversy  on  soya  bean  was  considered  necessary  in 
order  to  provide  the  appropriate  background  for  the 
scientific  investigations  and  the  attitude  taken  by  a 
majority  of  Indian  nutrition  workers.  In  spite  of  the 
encouraging  results  obtained  by  Subrahmanyan  on 
soya  bean  milk,  the  author  still  continues  to  be  scep¬ 
tic  about  the  part  which  soya  bean  can  play  in  im¬ 
proving  the  nutrition  of  the  Indian  people.  At 
various  times  and  from  various  directions  quite  irre¬ 
levant  points  have  been  put  forth  about  the  multiple 
uses  to  which  soya  bean  can  be  put.  The  main  point 
however,  must  not  be  lost  sight  of.  Soya  bean  is  not 
an  indigenous  crop.  We  have  several  pulses  which 
have  all  the  advantages  soya  bean  is  supposed  to  have 
Subrahmanyan's  method  of  milk  production  is  highly 
impracticable  unless  it  is  done  only  in  large-scali 
plants.  In  order  to  cultivate  soya  bean  in  India,  the 
land  already  under  food  crops  will  have  to  be  weaned 
from  the  usual  crops  to  be  put  under  soya  bean. 
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Finally,  since  people  in  general  dislike  soya  bean  and 
its  products,  its  offtake  and  consumption  will  be 
inadequate.  Therefore  as  a  short  term  measure  soya 
bean  is  no  solution  to  our  present  nutrition  problem. 
Even  as  a  long  term  measure  its  success  is  doubtful 
and  the  authorities  concerned  will  not  embark  on  its 
large-scale  cultivation  unless  they  are  assured  by 
nutrition  workers  that  soya  bean  possesses  distinct 
advantages  over  the  local  foodstuffs.  On  this  last 
point  the  expert  opinion  is  definitely  unfavourable 
with  the  sole  exception  of  Subrahmanyan  and  his 
co-workers. 
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CHAPTER  VI 


MILK  AND  MILK  PRODUCTS 

Production:  The  estimated  production  of  milk 

in  undivided  India  in  the  year  1940  was  48,080  million 
pounds  and  the  total  population  then  estimated 
amounted  to  350  million.  Another  recent  estimate 
(I947)  placed  the  figure  for  milk  production  at  50,320 
million  pounds  for  a  population  of  approximately  375 
million  people.  The  production,  when  calculated  on 
a  per  capita  basis,  works  out  to  have  been  about 
5.6  ounces  per  day  in  1940  and  about  5‘9  ounces 
per  day  in  1947.  These  figures  may  probably  sug¬ 
gest  a  slight  improvement  in  milk  production. 
Too  much  significance,  however,  should  not  be 
attached  to  the  small  difference.'  It  is  safer  to  assume 
that  milk  production  has  remained  in  the  neighbour¬ 
hood  of  5-6 — 5-9  ounces  per  capita  per  day.  This  rate 
of  production  is  inordinately  low  and  viewed  in  the 
light  of  the  cattle  population  of  India  the  yields  aie 
fantastically  low.  India  has  the  largest  cattle  popula¬ 
tion  in  the  world  and  also  has  the  lowest  milk  yield. 
In  1940,  there  were  33-88  million  cows  and  12-64  mil¬ 
lion  she-buffaloes;  the  yield  for  that  year  works  out  at 
2.8  pounds  per  animal  per  day.  For  the  year  1949 
the  corresponding  figures  for  milch  cows  and  buffa¬ 
loes  are  41  million  and  19  6  million  respectively. 
There  has  been,  however,  little  improvement  in  the 
vield  of  milk  per  animal.  The  reasons  for  the  low 
production  of  milk  lie  probably  in  (a)  scarcity  of  fod¬ 
der  and  concentrates,  (b)  general  poverty  of  agricul¬ 
turists  and  small  producers  and  (c)  lack  of  organised 
ca«le  breeding  nd  dairy  industry.  The  position 
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seems  to  have  further  deteriorated  subsequent  to  par¬ 
tition  of  India.  Sind  and  West  Punjab  were  the  two 
important  milk  producing  centres.  They  were  also 
the  provinces  from  which  good  quality  milch  cattle 
was  distributed  to  the  rest  of  the  country.  With  their 
incorporation  in  Pakistan,  India  has  lost  an  appreci¬ 
able  part  of  good  quality  stock  and  the  capacity  for 
milk  production  has  been  proportionately  reduced. 
It  will  take  some  time  before  the  dairy  industry  in 
India  can  make  up  this  loss. 

The  figures  for  total  milk  production  do  not  give 
any  idea  of  the  consumption  of  milk  as  milk.  In  1940, 
about  43  4  per  cent  of  total  milk  produced  was  used 
for  ghee  (melted  butter)  manufacture,  and  in  1947, 
55-6  per  cent  was  used  for  making  ghee.  Recently, 
however,  there  has  been  reported  a  fall  to  the  1940 
figure.  Apart  from  this  diversion  of  milk,  there  are 
other  products  prepared  from  milk  which  may 
account  for  an  appreciable  portion  of  the  remainder, 
although  it  would  be  difficult  to  give  exact  figures! 
The  official  estimate  for  1940  of  fluid  milk  available 
for  consumption  as  such  was  1.64  oz./capita/day 
which  means  that  72  per  cent  of  the  total  milk  pro¬ 
duced  in  a  year,  was  being  used  for  manufacture  of 
milk  products.  Recent  estimates  give  a  slightly  lower 

.  S^,re  °f  64  Per  cent  for  the  proportion  of  milk  used 
in  the  manufacture  of  all  milk  products 

di  PTri0n  !S  ^  S°  bad  as  these  %ures  would  in- 

e  mUk  TdrSprepared  por humatfcon- 
od  A  *I  fTe  ‘he  bye-products  are  also  used  as 
A/bort  description  given  below  will  show  the 

GhVe  GhePer0dUKtS  value 

,  .  ,  ’  ^ee  1S  by  definition  butter  fat  from 

which  water  is  removed  by  heating.  The  process 
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making  butter  for  ghee  varies  in  details  from  the 
method  used  in  the  preparation  of  creamery  butter. 
Fresh  milk  is  brought  to  boil  and  allowed  to  remain 
at  that  temperature  for  five  minutes  or  longer.  It  is 
then  allowed  to  cool  slowly  and  when  warm  to  the 
touch  inoculated  with  preformed  curd.  The  lactic 
fermentation  which  proceeds  may  cause  a  firm  curd 
to  be  formed  between  8  to  36  hours  depending  upon 
the  environmental  temperature.  An  equal  quantity 
of  water  is  added  to  the  curd  and  the  mixture  is 
churned  in  earthen  or  metallic  vessels  by  a  wooden 
churner.  In  20  to  30  minutes  butter  separates  which 
is  then  removed  and  pressed  to  remove  excess  butter 
milk.  The  practice  varies  from  place  to  place;  in 
some  regions  cream  separated  by  slow  heating  of  milk 
is  removed,  fermented  and  then  butter  is  separated, 
in  others  milk  is  churned  directly  after  cooling.  In 


Indian  homes  the  following  practice  is  prevalent. 
Boiled  milk  is  kept  on  a  low  heat  when  the  cream 
gradually  accumulates  on  the  surface.  This  is  care¬ 
fully  skimmed  ofT  and  inoculated  with  preformed 
curd,  covered  and  allowed  to  remain  in  a  warm'place. 
The  lactic  fermentation  sets  in  and  within  24  to  36 
hours  the  mixture  is  ready  for  churning.  Two  to 
three  volumes  of  water  are  added  and  the  fermented 
cream  is  churned  with  wooden  churn  in  an  earthen¬ 
ware  or  metal  pot.  Within  20-30  minutes  butter 
separates  on  the  surface;  this  is  collected  and  pressed 
lightly  to  remove  excess  water.  The  following  a 
(Table  X)  gives  the  composition  and  certain  ana  y  1 
caf  constants  for  Indian  butter  prepared 1  according .to 
the  above  methods;  for  comparison  the  figures  for 
Indian  creamery  butter  are  also  given  in  column 

three. 
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TABLE  X— ANALYSIS  OF  INDIAN  BUTTER 


Particulars 

Butter 

Indian  Process 

Butter 

Creamery  Process 

Moisture 

8-5  to  over  30  % 

8  5  to  over  16  % 

Salt 

nil 

0  5  to  over  2  % 

Fat 

70  to  85  % 

75  to  85  % 

Solids-not-fat 

1  to  2-5  % 

1  to  2-5  % 

Casein 

0.5  to  2  % 

0.5  to  2  % 

Free  fatty  acid 

1  to  3% 

1  to  3% 

R.  M.  Value 

24  to  28 

24  to  28 

The  butter  made  from  curd  has  a  peculiar  taste 
and  flavour  and  Indians  no  doubt  like  them  both. 
The  butter  made  from  cow  milk  is  yellowish  or 
orange  in  colour  whereas  that  from  buffalo  milk  is 
white.  This  difference  is  due  to  the  fact  that  carote¬ 
noids  are  not  present  in  buffalo  milk. 


The  producer  may  himself  convert  butter  into 
ghee  or  sell  it  to  the  consumer  to  be  converted  by  the 
latter.  The  practice  varies  in  different  parts  of  the 
country  Butter  is  placed  in  a  pan  on  the  open 
hie  and  heated,  the  fat  melts  and  when  sufficiently 
heated  the  water  boils  and  evaporates.  The  heating 

driven  nT  rr  l0W  fire  tUI  a"  the  wa,er  has  been 

'  r  5'  The  ‘emperature  of  heating  is  necessarily 

and  the  ti  part,cularly  ln  the  later  stages  of  boiling 
ter  heh  u  '  according  t0  th<=  quantity  of  but8 

s  ghee""  nt  ,1^  Ter'free  is  known 

ghee.  It  IS  cooled  and  usually  sold  in  open  con- 

conta'ins  a'm  k  GheC  S°M  by  Sma"  Producers 

contams  a  little  mo.sture  and  suspended  impurities. 


60 


NUTRITION  IN  INDIA 


These  are  further  removed  in  refining  process  in 
which  ghee  is  remelted  and  held  at  temperature  of 
about  70  C  which  causes  settling  of  the  suspended  im¬ 
purities  and  partial  reduction  of  moisture  content. 
The  final  product  has  a  characteristic  flavour  and 
aroma  imparted  to  it  due  to  fermentation  of  milk  or 
cream. 

The  above  description  will  make  it  clear  that 
there  exists  no  standardized  procedure  for  making 
ghee  and  hence  there  is  little  chance  of  obtaining 
a  product  which  will  retain  the  full  nutritive  value  of 
butter  fat.  While  it  is  true  that  the  composition  of 
fat  does  not  change,  the  vitamin  A  content  of  ghee 
samples  shows  very  large  variations.  It  is  probable  that 
some  vitamin  A  may  be  destroyed  through  the  initial 
clarification  of  butter  although  Ahmad,  Ramchand 
and  Mansoor-ul-Hassan  (1946)  showed  that  heating 
butter  at  150'C  for  10  minutes  caused  only  inappreci¬ 
able  vitamin  A  loss.  These  authors  carried  out  a 
spectrophotometric  assay  on  various  samples  and 
found  genuine  ghee  (prepared  from  pure  milk)  to 
contain  vitamin  A  from  14-6  to  40  I.U./gm.  w  ereas 
market  samples  contained  16-6  to  24-6  I.U./gm.  On 
storage  at  room  temperature  they  found  a  loss  of  30 
per  cent  in  175  days.  De,  Ranganathan  and  Sundara- 
raian  found  8  to  11  I.U.  vitamin  A/gm.  in  some 
market  samples  from  Madras,  whereas  for  genuine 
ghee  prepared  from  pure  milk  an  average  value  of 
?6.5  I.U./gm.  was  obtained.  Muthanna  and  Seshan 
(1941)  have  reported  that  ten  samples  from  Sind  con- 
tanned  5  to  -7  5  «g-/g-  and  9  Bengal. samp'es  5  to  « 

Dikshit  and  Ranganathan  (1950)  and  v.l«a  l*W« 
6  to  18.5  I.U./gm.  have  been  obtained.  These  a 
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distinctly  higher  than  the  values  reported  by  Coward 
and  Morgan  (1935)  which  are  the  ones  generally 
accepted.  How  much  the  liberal  exposure  of  the  cow 
to  tropical  sun  has  to  do  with  the  high  values  of  Vita¬ 
min  D  reported  for  Indian  butter  and  ghee  is  a 
question  which  should  require  further  investigation. 

Ghee  is  consumed  as  such  or  may  be  used  for 
cooking.  In  the  former  case  ghee  is  usually  melted 
and  smeared  on  chappaties  or  mixed  with  dahl.  The 
rice  eaters  add  a  small  quantity  to  the  helping  of  rice 
which  is  then  eaten  with  curried  dahl  and  vegetables. 
When  ghee  is  used  for  cooking,  it  forms  an  ingredient 
ol  several  sweet  and  savoury  preparations.  The 
other  common  use  of  ghee  is  for  deep  frying  of  puries. 
The  temperature  of  frying  is  destructive  for  vitamin 
A  and  neither  the  ghee  which  is  being  continuously 
heated  between  200  to  240°C,  nor  the  puries  fried  in  it 
retain  any  vitamin  A  originally  present  in  ghee. 
Recently  the  use  of  ghee  for  these  purposes  has  been 
on  a  decrease  owing  to  its  enhanced  cost.  It  is  being 

slowly  supplanted  by  partially  hydrogenated  edible 
oils. 

Butter  Milk:  It  will  be  remembered  that  the 
by-product  of  butter  prepared  for  ghee  manufacture 
is  butter-milk.  This  product  is  extremely  palatable 
and  is  very  much  liked  by  people  who  freely  partake 
of  it.  Butter  milk  contains  most  other  nutrients  of 
milk  except  its  fat.  It  can  be  taken  as  a  beverage  or 
can  be  eaten  mixed  with  rice.  The  latter  practice  is 
common  among  the  inhabitants  of  the  peninsula 
whereas  the  northerners  prefer  it  as  a  beverage. 
Butter  milk  is  also  a  cheap  substitute  for  curd 

Curd  :  The  procedure  of  obtaining  curd  has  al¬ 
ready  been  described  in  the  section  on  ghee  prepara 
fon.  Curd  is  a  delicious  food  equall/nut S 


as 
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milk.  Further,  it  has  the  advantage  that  persons  who 
cannot  tolerate  milk  can  with  impunity  consume  curd 
without  any  digestive  disturbance.  The  inoculum  foi 
preparing  curd  is  preformed  curd  or  butter  milk  pre¬ 
pared  from  it.  There  are  no  precautions  taken  to 
retain  the  constancy  of  the  microflora  responsible  for 
fermentation.  This  factor  together  with  variation  in 
time  and  temperature  causes  an  appreciable  variation 
in  the  quality,  taste  and  flavour  of  the  resulting  cuid. 
Pasricha  and  Goyal  (1938)  found  Lactobacillus  acido¬ 
philus  in  all  24  samples  which  they  examined 
in  Calcutta,  and  Streptococcus  lactis  in  23  out  of 
24  samples.  They  also  found  yeast  in  some  sam¬ 
ples.  Joshi  (1949)  has  identified  and  characterized 
a  yeast  in  curd  which  he  has  named  Torula  daht. 
Sundararajan  (1950)  mentions  the  presence  o 
several  other  organisms  in  the  microflora  of  curd. 
Ghosh  and  Guha  (1935)  found  that  curd  had  the  same 
ascorbic  acid  content  (0-7  to  i-o  mg.  per  .00  gnu)  as 
milk  from  which  it  was  prepared.  Chitre  and  Pat- 
wardhan  (1945)  found  that  thiamine  m  milk  was  un- 
affected  by  curd  formation,  riboflavin  showed  a  slight 
increase  whereas  there  was  a  marked  decrease  in  the 
nicotinic  acid  content.  In  16  milk  samples  they  ob¬ 
tained  values  for  nicotinic  acid  between  0.59  to  2-37 

mg  ,  .00  gm.  and  in  curds  prepared  from  these  same 

samples  0  25  to  10  mg./ioo  gm.  nicotinic  act 

obtained.  It  appears  therefore,  that 

•  „  Tt  vitamins  are  anecteu.  uy 

growth  S<and  metabolism  of  the  microorganism, 
I  j  'on  (iq^o)  could  observe  no  significant 

Sundararaja  1  S5  j  j  vitamin  A  contain  of  milk 

low  or9buffaeio°mUk  curd  in  six  adult  human  subjects 
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than  on  an  equivalent  quantity  of  milk.  This  finding 
could  not  be  substantiated  in  albino  rats  by  Sundara- 
rajan  (1950)  who  also  showed  that  the  biological  value 
of  milk  and  curd  proteins  by  balance  sheet  or  growth 
method  as  well  as  the  supplementary  value  of  these 
two  food-stuffs  to  poor  rice  diets  were  identical.  This 
confirms  in  some  respects  the  earlier  finding  of  Datta 
and  Banerjee  (1934)  that  the  growth  promoting  capa¬ 
city  of  curd  was  equivalent  to  that  expected  from  a 
comparable  quantity  of  milk.  There  seems  to  be  a 
popular  belief,  however,  that  curd  is  more  nutriti¬ 


ous  than  milk,  a  belief  which  has  not  yet  been  sub¬ 
stantiated  by  scientific  investigations. 

The  other  important  milk  products  made  from 
milk  are  khoa,  rabadi,  malai  and  channa.  Malai  is  the 
cream  which  rises  to  the  top  on  slow  heating  of  milk; 
it  is  skimmed  off  and  sold  as  such.  Rabadi  is  whole 
milk  boiled  down  to  a  thick  consistency  and  sweete¬ 
ned.  Khoa  is  whole  milk  concentrated  in  open  pans 
till  a  granular  solid  still  containing  some  water  is 
obtained.  Khoa  forms  a  major  ingredient  of  several 
Indian  sweets.  Channa  is  made  by  curdling  milk  either 
by  rennet  or  by  adding  mineral  or  organic  acids.  The 
curdled  mass  is  freed  from  whey,  pressed  and  is  made 
into  sweets.  It  is  true  that  several  of  these  products 
are  known  all  over  India,  still,  as  is  only  natural, 
ey  are  produced  and  consumed  in  large  quantities 
in  e  provinces  of  India  where  milk  production  is 
lg  >  thus  khoa,  rabadi,  malai  are  produced  in  large 
quantum  in  Punjab  and  United  Provinces.  Channa 

nr  PfCU11f.rilty  of  Ben§al  although  some  of  it  is 
P  cpared  in  Bihar  and  Orissa  also.  However,  it  must 
e  mentioned  that  these  products  are  sold  at  a  com¬ 
paratively  high  price  and  hence  it  is  doubtful  whether 
they  would  play  any  significant  role  in  the  daily  diet 
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of  the  poor  people  of  this  country.  Sweets  prepared 
from  milk  are  a  luxury  in  any  country  and  ordinarily 
out  of  reach  of  the  common  man  except  on  certain 
occasions  which  must  be  considered  to  be  rather 
rare. 
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CHAPTER  VII 


PROTEINS 

The  INVESTIGATIONS  on  the  biological  value  (B.  V.) 
of  dietary  proteins  have  been  referred  to  earlier  in 
more  than  one  chapter  dealing  with  the  common 
Indian  food-stuffs.  It  is  no  exaggeration  to  say  that 
most  workers  interested  in  proteins  have  focussed 
their  attention  on  this  aspect  in  preference  to  others. 
Balance  sheet  and  growth  methods  as  applied  to 
albino  rats  have  been  the  ones  most  extensively  used. 
Basu  and  De  (1938)  have  determined  the  biological 
value  of  two  Bengal  fresh  water  fish  Hi  Isa  ( Clupea 
ilisa)  and  Ruhee  ( Labio  rohita)  and  found  values  of  70 
and  79  respectively.  Mitra  and  Mittra  (1945)  report 
values  of  69,  60  and  60  for  cow,  buffalo  and  goat 
muscle  meat  respectively.  These  same  authors  (1943) 
have  determined  the  biological  value  of  proteins  from 
red  ants  for  which  they  report  a  value  of  58.3  (at  10 
per  cent  protein  intake)  with  a  digestibility  coeffici¬ 
ent  of  65.  It  seems  that  a  tribe  of  aborigines  called 
Ho,  inhabitants  of  Singhbhum  District  in  Bihar,  con¬ 
sider  red  ants  a  delicacy. 

Mitra  and  Verma  (1947)  have  investigated  the 
biological  value  of  proteins  of  mixtures  of  rice,  pulse 
and  milk  on  human  subjects.  They  find  that  the  B.  V. 
of  proteins  of  rice  and  pulse  mixtures  varying  in  pro¬ 
portions  of  100  :  75,  100  :  100  and  100  :  125  ranged 
between  56.4  and  59.2,  the  differences  not  being 
significant.  When  milk  replaced  the  pulse  in  the  diet 
the  B.  V.  rose  to  between  65.5  and  67.8.  Mitra 
Verma  and  Ahmed  (1948)  also  determined  in  six 
human  subjects  the  B.  V.  of  proteins  in  cereal  mixtures 
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with  a  nitrogen  intake  of  10-15  to  15-86  gm. 
daily.  They  found  that  with  rice  as  the  only  cereal 
supplying  protein,  the  B.  V.  was  66-6  whereas  when 
rice  was  partly  replaced  with  wheat,  barley,  maize, 
jowar,  bajra,  or  ragi,  singly  or  in  mixture,  the  B.  V. 
showed  a  decrease.  The  values  for  different  mix¬ 
tures  ranged  between  54-1  and  60-2.  The  digestibility 
of  proteins  on  the  other  hand  varied  within  the 
narrow  range  of  79  to  82  per  cent.  Mitra  and  Verma, 
therefore,  feel  that  so  far  as  the  quality  of  protein  is 
concerned  nothing  is  gained  by  partial  replacement 
of  rice  by  other  cereals. 

Newer  methods  of  evaluating  the  biological  value 
of  protein  have  recently  been  attempted  by  Subrah¬ 
manyan  and  his  colleagues.  Sahasrabudhe,  Desika- 
char  and  Subrahmanyan  (1947)  studied  the  effect  of 
casein  and  soya  milk  protein  on  regeneration  of  liver 
proteins  and  found  that  the  latter  gave  a  response 
equivalent  to  81  per  cent  of  that  obtained  with 
casein.  Desikachar,  De  and  Subrahmanyan  (1948) 
used  the  same  proteins  in  studies  on  regeneration 
of  haemoglobin  in  rats  rendered  anaemic  by  phenyl- 
hydrazine  injections  and  found  that  soya  milk  protein 
gave  a  response  equivalent  to  82  per  cent  of  that 
obtained  with  casein. 

The  subject  of  protein  metabolism  in  Indians  is 
interesting.  There  appears  to  be  a  common  impres¬ 
sion,  which,  in  the  main  is  unsupported  by  authentic 
observations,  that  the  diets  of  Indians  in  general  are 
deficient  in  protein  both  qualitatively  and  quantita¬ 
tively.  The  investigations  on  the  biological  value  of 
cereals  and  pulses  given  elsewhere  should  convince 
anyone  that  although  these  proteins  are  somewhat 
inferior  to  meat,  egg  and  milk  proteins  in  their  nutri¬ 
tive  value,  the  difference  is  hardly  such  as  would 
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justify  the  prevalence  of  such  an  impression.  The 
question  of  the  quantitative  aspect  of  protein  in  diets 
will  be  discussed  in  a  later  chapter.  At  the  moment 
we  shall  describe  and  examine  critically  the  publish¬ 
ed  evidence  bearing  6n  the  metabolic  aspect,  which 
has  given  the  erroneous  impression  referred  to  above. 

McCay  (1908)  made  about  200  observations  on 
Bengali  students,  durwans  (watchmen),  household  ser¬ 
vants  and  domes  and  mehetars  (depressed  classes), 
in  all  44  subjects,  and  he  was  greatly  struck  by  the 
low  levels  of  urinary  nitrogen  in  all  of  them  except¬ 
ing  one  subject.  The  average  urine  nitrogen  gave  a 
value  of  5.98  grammes  daily.  He  argued  that  urine 
nitrogen  indicated  the  level  of  protein  metabolism 
in  the  body  and  in  the  case  of  normal  healthy  adults 
who  were  maintaining  constant  weights  it  gave  an 
idea  of  protein  intake  as  well.  Whereas  the  first 
assumption  is  correct  the  second  is  not  necessarily  so 
as  can  be  shown  by  reference  to  more  recent  work  on 
the  subject.  McCay  also  mentions  the  fact  that  a 
majority  of  subjects  had  a  perfectly  free  choice  of 
food  and  were  economically  in  a  condition  to  take 
adequate  diets.  In  view  of  this  he  considers  that  the 
nly  conclusion  which  his  studies  point  to  is  that 

fsTm  ffi  ’Ve  °"  a  diet  the  pr0tein  content  of  which 
insufficient  even  by  the  Chittenden  standards. 

n  the  metabolism  studies  on  two  subjects  McCav 

^ound  th  on  da.ly  .makes  and“Ca/f 

^80  pearmc°e« ‘SaboXuCtre,ed  *  --‘•  between 

which  he  considered  as9.  PCT.CenK  aPpeared  in  faeces 
further  obse^t^  "  * 

he  found  on  an  average  about  u5  per cen nT  ^ 
unabsorbed.  From  1  ^  ,  C  Cent  nitrogen 

» •«.*»  » »' iz  '"*• 

makes  of  protein,  the  low 
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digestibility  of  the  latter  in  Indian  diets  was  a 
contributory  factor  in  the  low  level  of  protein  meta¬ 
bolism  of  Indians. 

The  observations  of  McCay  thus  became  the 
starting  point  for  the  assumptions  regarding  quanti¬ 
tative  inadequacy  and  qualitative  inferiority  of  pro¬ 
teins  in  Indian  dietaries.  Later  workers  appear  to 
have  uncritically  adhered  to  these  views.  Thus  Ray 
and  Ganguly  (1938)  postulate  merely  on  the  strength 
of  urine  N  determinations  that  since  the  average 


total  urinary  nitrogen  was  of  the  order  of  4^3  gm*  Per 
day  (for  50  individuals)  their  subjects  must  be  ingesting 
about  35  gm.  of  proteins  a  day.  Sokhey  and  Maland- 
kar  (1939)  also  assume  a  low  habitual  protein  intake 
by  Indians.  Gokhale  (194O  in  Bombay  observed  in 
47  male  healthy  adults  an  average  of  6.09  gm.  N  per 

day  with  a  range  of  3^2  to  9*84  g™-  In  SoutlJ 
India  too,  certain  observations  made  at  Madras  and 
Coonoor  have  given  similar  figures.  There  is  little 
doubt,  therefore,  that  as  a  rule  the  average  urinary 
nitrogen  excretion  of  Indian  adults  would  be  in  the 
neighbourhood  of  5  -  6  gm.  per  day.  If  one  assumes 
that  in  the  faeces  only  10  per  cent  of  the  ingested 
nitrogen  appears,  one  is  driven  to  the  conclusion  that 
Indians  must  be  living  on  low  protein  varying  bet¬ 
ween  33  to  40  gm.  These  assumptions  themselves 
Ire  open  to  question  for  the  following  reasons  (1) 
Indian  adults  are  in  positive  N  balanceeven  at^is 

low  level  of  urine  nitrogen,  (2)  the 
which  are  so  important  in  a  tropical  humid  and  warm 
climate  have  been  completely  ignored  and  finally  (3) 
the 'influence  of  dietary  protein  on  urinary  nitrogen 
has  not  been  taken  into  account  at  all. 

Large  positive  nitrogen  balances  are  kn 
0CCur  during  periods  of  active  growth  or  during 
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convalescence  after  debilitating  illness,  but  the  fact 
that  appreciable  quantities  of  nitrogen  can  be  retained 
daily  by  adults  who  have  been  maintaining  constant 
weight  has  not  been  sufficiently  well  recognised. 
Grindley  (1912)  observed  in  23  young  adults,  studied 
over  a  period  of  220  days,  an  average  nitrogen 
balance  of  1-38  gm.  per  day  per  person.  Comment¬ 
ing  on  these  results,  Mitchell  (1949)  states  that  even  if 
one  allows  about  0-4  gm.  N  lost  through  insensible 
perspiration,  a  balance  of  1  gm.  nitrogen  appeared  to 
be  retained  per  day.  This  can  only  be  accounted  for 
by  assuming  that  it  is  utilized  in  replacing  the  amount 
lost  through  desquamation  of  cornified  epithelial  sur¬ 
faces,  sebaceous  secretions,  growth  of  keratinous 
material  like  hair,  nails,  etc.  Apart  from  this,  the 
capacity  to  store  nitrogen  compounds  in  readily  avai¬ 
lable  form  cannot  entirely  be  ignored.  Kosterlitz 
(r944,  1947)  has  shown  that  fasting  of  even  24  to  48 
hours’  duration  is  accompanied  by  a  loss  of  liver  pro¬ 
tein.  Similar  results  are  obtained,  according  to  him, 
when  rats  are  maintained  on  low  protein  diets  or  on 
proteins  deficient  in  essential  amino  acids.  Kosterlitz 
and  Campbell  (1945)  suggest  that  a  readily  available 
mobile  protein  reserve  is  obtainable  from  liver  cell 
cytoplasm  and  muscle.  The  mobile  reserve  may  be 
augmented  or  depleted  according  to  dietary  condi¬ 
tions.  This  may,  therefore,  represent  a  part  of  nitro¬ 
gen  storage  mechanism.  The  capacity  of  the  subcu¬ 
taneous  tissue  to  store  at  least  temporarily  constituents 
removed  from  circulating  plasma  may  be  another 
tactor  about  which  not  much  is  known. 

The  loss  of  nitrogen  through  sweat  is  an  important 
consideration  in  nitrogen  balance  studies  in  the  tro- 
p'cs  McCay  s  observations  were  made  in  Calcutta 
which  has  a  warm  climate  with  high  humidity  for 
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most  months  in  the  year.  Although  he  mentions  the 
possibility  of  such  losses  he  does  not  seem  to  have 
realised  the  extent  to  which  they  would  influence  the 
interpretation  of  his  results.  Mitchell  and  Hamilton 
(unpublished)  found  that  about  04  gm.  N  could  be 
lost  per  day  through  insensible  perspiration  and 
Bricker,  Mitchell  and  Kinsman  (1945)  place  the  pro¬ 
bable  dermal  loss  under  excessive  sweating  at  4  gm. 
per  day.  The  values  for  nitrogen  lost  through  skin 
by  McCay’s  subjects  in  Calcutta  must  have  been 
nearer  4  than  04  gm.  per  day. 

At  the  time  McCay  carried  out  his  experiments 
there  was  no  evidence  to  show  that  the  type  of  dietary 
protein  mixture  could  influence  urinary  nitrogen 
apart  from  the  effect  due  to  differences  in  the 
amounts  absorbed.  It  was  generally  held  that  what¬ 
ever  protein  was  digested  and  absorbed  from  the  gut 
and  made  available  for  metabolism  should  be  reflec¬ 
ted  in  the  nitrogen  of  urine.  This  does  not  include 
the  effects  of  such  incomplete  proteins  as  gelatin  and 
zein  which  would  cause  body  N  losses  to  be  evident  in 
urine  N.  The  work  of  Murlin  and  his  associates  was 
done  at  levels  of  N  intakes  which  in  minimum 
amounts  maintained  a  person  in  equilibrium  or  in  a 
slightly  positive  balance.  In  these  experiments  vege¬ 
table  proteins  caused  a  higher  amount  of  N  to 
appear  in  urine  than  egg  protein.  Now  evidence 
will  be  presented  to  show  that  such  differences  in 
urine  nitrogen  occur  at  higher  levels  of  N  intake  as 
well  and  in  an  opposite  direction  to  that  observed  by 
Murlin.  Data  presented  in  Table  XI  illustrate  how 
the  shifts  in  urinary  nitrogen  take  place  with  changes 
in  the  composition  of  diets  chiefly  with  regard  to 

protein. 


TABLE  XI— RESULTS  OF  NITROGEN  METABOLISM  IN  INDIAN  ADULTS 
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The  experiments,  results  of  which  are  given  in 
Table  XI,  were  carried  out  with  the  usual  precau¬ 
tions  taken  in  metabolic  studies.  The  dietary  pattern 
during  the  basal  period  was  practically  the  same 
to  which  the  subjects  were  habitually  accustomed. 
Thus  neither  the  calorie  content  nor  the  protein 
content  was  appreciably  altered.  The  subjects  were 
allowed  to  reach  a  steady  state  on  the  basal  diet  with 
respect  to  the  urinary  N  excretion.  Then  faeces  and 
urine  were  both  collected  for  two  consecutive  days  at 
a  time  with  a  gap  of  one  day  in  between  collections. 
When  the  results  of  atleast  two  successive  periods 
were  concordant  the  subjects  were  placed  on  a  diet  in 
which  a  certain  percentage  of  protein  was  derived 
from  animal  sources;  the  total  protein  content  re¬ 
mained  unchanged  or  varied  within  very  narrow 
limits.  The  subject  was  allowed  to  reach  the  steady 
state  on  this  diet  before  urine  and  faeces  were  analy¬ 
sed  for  nitrogen.  The  diets  were  so  composed  as  to 
permit  the  minimum  alterations  in  the  calorie  value. 
The  main  alteration  in  the  composition,  therefore,  was 
with  respect  to  the  type  of  the  protein  mixture.  The 
results  clearly  show  that  on  diets  with  predominantly 
vegetable  protein,  urinary  nitrogen  is  lower  than 
when  approximately  50  percent  of  total  protein  con¬ 
sists  of  animal  protein.  Identical  animal  protein 
effect  is  obtained  whether  the  source  is  meat,  milk  or 
eggs  It  is  to  be  noted  that  all  the  subjects  were 
either  in  a  positive  balance  or  reached  equilibrium  on 


certain  diets.  . 

It  is  noteworthy  that  similar  results  in  all  seven 

subjects  have  been  obtained.  That  the  degree  of  the 

effect  depended  upon  the  animal  protein  content  is 

well  brought  out  in  subjects  K.M.  and  S.  These 

subjects  when  put  back  on  basal  diets  reverted  to  the 


PROTEINS 


73 


original  level  of  urine  nitrogen  excretion.  Records 
of  four  other  subjects  have  not  been  included  but 
they  also  showed  similar  trends.  It  should  be  noted 
that  although  the  faecal  nitrogen  varies  from  subject 
to  subject  there  is  no  great  variation  on  different 
diets  in  the  same  subject  and  hence  the  variations  in 
the  urinary  nitrogen  cannot  be  ascribed  to  differen¬ 
ces  in  the  digestibility  of  basal  and  experimental  diets 
containing  5  to  63  per  cent  animal  proteins.  The 
protein  in  the  basal  diet  was  derived  from  a  variety 
of  cereals  and  pulses  mainly  and  in  animal  protein 
periods  different  subjects  were  given  meat,  milk  or 
eggs,  the  latter  two  singly  or  in  mixtures.  That  this 
peculiar  effect  is  thus  brought  about  by  a  change  in 
the  type  of  dietary  protein  mixture  and  has  nothing 
to  do  with  digestibility  is  clear.  In  these  observations 
and  the  predominantly  vegetarian  composition  of 
Indian  dietaries  probably  lies  the  secret  of  the  low 
urine  nitrogen  observed  in  Indians  and  not  in  the 
low  intake  of  protein  or  low  digestibility  of  the 
protein  contained  in  these  diets.  The  cause(s)  under¬ 
lying  the  effect  described  above,  however,  still  re¬ 
main  unexplained. 


Another  fact  to  which  attention  must  be  drawn, 
is  the  comparatively  large  nitrogen  balance  met  with 
on  vegetarian  diets.  These  balances  were  continuous 
during  the  whole  of  the  experimental  period,  yet 
weight  changes  among  the  experimental  subjects 
were  negligible,  the  subjects  being  either  stationary 
or  showing  a  small  increase  of  two  pounds  over  a 

Cv,°h°lftWOt0threem0nths-  The question  is  whether 
ch  balances  are  a  continuous  feature  in  ordinary 

hfe  ora  greater  part  of  N  must  be  eliminated  through 

he  skin  and  possibly  through  other  channels  Losses 

.n  sweat  should  be  considered  a  strong  probabiUtv 
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owing  to  the  prevalence  of  tropical  climatic  condi¬ 
tions  in  India  which  must  maintain  an  increased  rate 
of  perspiration  throughout  a  large  part  of  the  year. 
Such  large  positive  nitrogen  balances  in  young  heal¬ 
thy  adults  have  been  observed  by  others,  e.g.  Wilson 
and  Mookerjee  (1935),  Basu  and  Basak'(i93g),  Mitra, 
Verma  and  Ahmed  (1948)  but  these  authors  have 
made  no  comments  on  the  subject. 

The  level  of  protein  metabolism  in  India  as 
judged  by  urinary  nitrogen  is  low  as  compared  with 
Europeans  and  Americans.  From  the  results  obtained 
by  Denis  and  Borgstrom  (1924),  Beard  (1927),  Brooks 
(1929),  Martin  and  Robison  ( 1922),  Johnson,  Deuel, 
Morehouse  and  Mehl  (1947),  it  appears  that  147  to 
200  mg.  per  kg.  body  weight  is  the  range  of  urine 
nitrogen  excretion.  The  Indian  values  [Basu  and 
Basak  (1939)?  Basu,  Basak  and  De  (1941),  Niyogi, 
Patwardhan  and  Sirsat  (1941),  Karambelkar, 
Patwardhan  and  Sreenivasan  ( 1 95°)]  between  66 
and  160  mg. /kg.  with  an  average  of  114  mg. /kg.  If 
these  figures  are  expressed  per  square  metre  of  body 
surface  those  for  Europeans  and  Americans  average 
at  6*  1 1  gm./N/m5  and.  in  Indians  4-3  gm.  N  m  .  These 
facts,  however,  do  not  necessarily  lead  to  the  conclu¬ 
sion  that  the  level  of  total  protein  metabolism  in 
Indians  is  low.  Conclusions  based  on  urine  nitrogen 
only  are  not  valid  for  in  the  tropics  and  subtropical 
regions  the  role  of  the  skin  in  determining  nitrogen 
loss  should  be  quantitatively  of  greater  importance 

than  in  the  temperate  regions. 

Endogenous  Protein  Metabolism :  There  is 
little  evidence  to  show  that  this  differs  from  the 
accepted  standards.  Basu  and  Basak  (i939>  Placed 
three  subjects  on  protein  free  diets;  Mitra,  \  erma 
and  Ahmed  (1948)  placed  six  subjects  on  low  protein 
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diets  and  Karambelkar  et  al  (1950)  observed  three 
subjects  on  similar  diets.  The  average  values 
observed  by  all  these  investigators  recorded  at 
Dacca,  Patna  and  Bombay  respectively  are  given  in 
Table  XII. 

Terroine  (1936)  mentions  that  the  highest  values 
recorded  for  "endogenous  nitrogen  expenditure’ 
barely  reach  3  gm.  of  N  per  day  for  a  man  of  70  kg. 
body  weight.  When  expressed  per  unit  of  body 
weight,  Terroine’s  expectation  will  give  a  figure  of 
approximately  43  mg.  N  per  kg.  which  is  similar  to 
the  last  two  figures  in  Table  XII,  Column  8. 


The  reported  figures  for  urinary  excretion  of 
creatinine  in  Indians  throw  further  light  on  the 
subject.  It  is  true  that  the  status  of  creatinine  as  an 
infallible  index  of  endogenous  protein  metabolism  has 
been  in  doubt  since  the  researches  of  Schoenheimer. 
However,  the  constancy  of  creatinine  excretion  in 
urine  from  day  to  day  could  be  considered  to  have  at 
least  some  relation  to  the  level  of  endogenous  protein 
metabolism  of  thebody.  Niyogi,  Patwardhan  and 
Sirsat  (1941)  found  a  creatinine  coefficient  between 
19  and  27  ,0  subjects  and  Karambelkar  et  al  (,o,0) 

fieureTt  VaiUeS  betWeen  '9'2  23'4-  The  reponed 

ohs  n°r  ™encans  var>'  between  20  to  26.  The 

iectsrVvearied,af  Crea*inine  excretio"  »  *7  Indian  sub- 
the  reno  ted  A  ‘•'°  'V7  «m-  Per  daV  as  against 

K2&T  “F  °f  ™ I-X.  coffid 
clear  from  the  above  discussion  tu-*  +u 

r  sraT"  "„r  *r  ™ » 1 1 1 


TABLE  XI I — ENDOGENOUS  NITROGEN  EXCRETION  IN  INDIAN  ADULTS 
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can  be  reasonably  explained  by  the  differences  in 
body  weight. 

In  view  of  the  above  findings  on  endogenous 
metabolism  it  becomes  difficult  to  find  an  explanation 
for  differences  in  urine  nitrogen  on  different  dietary 
proteins,  particularly  as  the  observed  differences  in 
digestibility  are  too  small  to  afford  a  satisfactory  expla¬ 
nation.  Positive  balances  of  nitrogen  may  be  only 
apparent  on  account  of  the  dermal  losses  not  being 
considered.  It  is  the  influence  of  dietary  protein  on 
urinary  nitrogen,  however  that  requires  further  care¬ 
ful  investigation. 
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CHAPTER  VIII 


FATS 


VEGETABLE  OILS  are  extensively  used  in  India  as 
cooking  fats.  The  use  of  lard  and  suet,  objected  to 
by  the  two  major  communities  on  religious  grounds, 
is  limited  to  an  extremely  small— almost  negligible- 
fraction  of  the  Indian  population.  At  one  time  ghee 
was  being  used  for  cooking  purposes,  particularly  in 
North  India,  but  on  account  of  its  increasing  scarcity 


and  high  cost,  its  place  has  been  taken  by  oils,  chiefly 
the  partially  hydrogenated  oils.  The  main  varieties 
of  vegetable  oils  used  in  India  are  groundnut  oil, 
mustard  andrapeseed  oil.  Sesame  oil,  cocoanut  oil  and 
safflower  oil,  linseed  oil  and  mahua  ( Bassia  latifolio.) 
oil  are  also  used  in  certain  regions  within  the  country. 
Bengal,  Bihar  and  part  of  the  United  Provinces 
are  partial  to  mustard  oil,  Bombay  to  safflower  seed 
oil  and  a  large  part  of  the  Deccan  to  groundnut  oil. 
Cocoanut  oil  is  used  exclusively  on  the  west  coast  and 
gingelly  or  sesame  oil  is  favoured  in  South  India.  In 
the  north,  rapeseed  oil  and  sesame  oil  are  both  used  to 
a  large  extent.  These  oils  are  mainly  used  for  pre¬ 
paring  various  spiced  and  curried  foods  and  for  frying 
during  the  course  of  the  preparation  of  other  foods. 

The  composition  and  characteristics  oi  these  edi¬ 
ble  oils  have  been  studied  by  Sudborough  and  his 
school  at  the  Indian  Institute  of  Science  Bangalore 
As  the  purely  chemical  findings  are  not  of  particul 
interest from  our  standpoint  no  further  mention  of 

that  aspect  is  made  in  this  book.  . 

The  hydrogenated  oil  products  were  rs 
duced  in  India  in  the  third  decade  of  this  century. 
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They  were  mainly  imported  from  Holland.  In  1930 
their  manufacture  was  started  in  India.  Since  then 
the  industry  has  made  rapid  advances  as  can  be 
shown  by  the  fact  that  whereas  in  1935  only  18,000 
tons  of  hydrogenated  products  were  sold  in  India,  in 
1946  the  amount  sold  was  137,000  tons.  The  imports 
after  1930  have  been  negligible  on  account  of  heavy 
import  duty,  and  hence  almost  the  whole  of  the  pro¬ 
duct  sold  in  the  country  can  be  considered  to  be  of 
indigenous  manufacture.  Groundnut  oil  forms  the 
chief  raw  material  for  the  industry  although  rape- 
seed  and  sesame  oils  have  also  been  recently  used  to 
a  certain  extent.  The  immense  popularity  of  the 
hydrogenated  oil  is  due  to  an  improvement  in  stabi¬ 
lity  and  physical  appearance  of  the  fat  as  well  as 
better  cooking  quality.  The  phenomenal  growth  of 
the  industry  during  the  short  span  of  15  years  frigh¬ 
tened  the  ghee  manufacturers,  for  in  it  they  saw  the 
possibility  of  injury  to  ghee  industry.  Although 
these  fears  were  groundless  the  fact  that  hydroge¬ 
nated  oils  are  also  used  for  adulteration  of  ghee  has 
been  instrumental  in  turning  the  public  opinion 
against  the  former.  The  unfortunate  publicity  given 
to  certain  incomplete  investigations  led  the  people  to 
believe  that  hydrogenated  oils  were  a  positive  danger 
to  public  health.  At  one  time  the  public  had  genuine 
doubts  about  the  wisdom  of  continuing  to  consume 
hydrogenated  oils  which  were  generally  known  by 
the  names  of  ‘vanaspati’  and  ‘vegetable  ghee’.  The 
Government  of  India  had  to  take  notice  of  the  popu¬ 
lar  anxiety  in  this  respect  and  they  appointed  a 
Committee  of  scientific  experts  to  investigate  the 
comparative  nutritive  value  of  hydrogenated  oils. 
I  his  Committee  was  well  aware  of  the  work  done  in 
other  countries  which  had  shown  that  on  adequate 
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diets  the  nutritive  value  of  different  edible  fats  was  of 
the  same  order.  But  it  was  argued  that  as  the  bulk 
of  the  Indian  population  lived  on  marginal,  if  not 
inadequate,  diets  the  differences  in  the  nutritive 
value  of  fats,  if  there  were  any,  would  be  of  signifi¬ 
cance.  Hence  it  was  felt  necessary  to  design  and 
conduct  experiments  on  rats  and  human  beings  to 
settle  this  point.  Several  laboratories  collaborated 
in  the  co-ordinated  investigation  and  after  three 
years  of  work  the  Committee  concluded  that  between 
the  partially  hydrogenated  (m.p.  37°-39°)  and  un¬ 
hydrogenated  vegetable  fats  there  was  no  difference 
in  the  nutritive  value,  whether  fed  with  adequate  or 
inadequate  diets.  This  opinion  of  the  Committee 
has  been  conveyed  to  the  Government  of  India  and 
through  them  to  the  public  and  it  is  hoped  that  this 
will  properly  settle  the  controversy  which  really 
should  never  have  arisen  in  the  first  instance.  One 
good  thing  has  come  out  of  this,  the  interest  of 
workers  in  fat  studies  has  been  aroused  and  the  impe¬ 
tus  given  by  the  controversy  has  resulted  in  sustained 
efforts  designed  to  study  the  role  of  fat  in  Indian 


diets.  . 

Apart  from  the  above,  considerable  work  has 

been  done  on  the  comparative  nutritive  value  of  dif¬ 
ferent  edible  oils.  The  results  in  some  cases  are 
contradictory,  but  there  exists  a  large  measure  of 
agreement  on  certain  important  points.  The  absorp¬ 
tion  of  fats  has  been  studied  in  rats  as  well  as  in 
human  beings.  The  digestibility  coefficients  as  well 
as  the  rates  of  absorption  have  also  received  atten¬ 
tion.  Roy  (.944)  found  that  the  < hge st.bihty  o^ ^com¬ 
mon  edible  oils  and  ghee  varied  between  “J 

nq.7  per  cent,  thus  showing  no  significant  difference 
in  the  extent  of  absorption  of  ingested  fats.  Misra 


pats 


83 


and  Patwardhan  (1948)  found  in  rats  no  differences 
in  the  digestibility  of  groundnut  oil  and  its  partially 
hydrogenated  products  up  to  a  m.p.  of  49  G.  These 
authors  also  studied  the  digestibility  of  hydrogenated 
groundnut  oil  samples  containing  19  and  29  per  cent 
iso-oleic  acids  and  could  not  detect  differences  bet¬ 
ween  the  two.  In  human  beings  digestibility  trials 
gave  results  which  again  showed  lack  of  significant 
differences  between  different  fats  [Basu  and  Nath 
(1946);  Tulpule  and  Patwardhan  (1948)  and  Subrah¬ 
manyan  et  al  (1949)],  the  digestibility  coefficients 
being  above  90  per  cent  for  all  the  fats  investigated. 
In  these  investigations  hydrogenated  groundnut  oil 
of  m.p.  37  was  also  included.  When  a  product  melt¬ 
ing  at  41  G  was  used  the  digestibility  was  slightly  and 
significantly  lower  than  90  per  cent.  Subrahmanyan 
( 1 949)  observed  that  straight  hardened  vegetable  oils 
and  the  blended  product  of  comparable  melting  point 
gave  similar  values  for  digestibility. 

The  rates  of  absorption  have  been  studied  in  rats 
by  Basu  and  Nath  (1946).  1  to  2  gm.  fat  was  intro¬ 

duced  in  the  stomach  of  adult  rats  by  stomach  tubes, 
the  rats  were  killed  at  2,  4  and  6  hourly  intervals  and 
the  fat  remaining  in  the  gastrointestinal  tract  was 
determined.  The  differences  noticed  in  the  rates  of 
absorption  were  slight  and  not  significant.  The  work 
of  Anantakrishnan  (1945)  at  the  Indian  Dairy  Re¬ 
search  Institute,  Bangalore,  has  also  shown  onlv 
minor  differences  at  four  hours  between  the  amounts 
of  various  edible  oils  and  ghee  absorbed.  There  was 
one  exception,  however.  Mustard  oil  was  the  least 
absorbed,  it  gave  a  value  of  27.1  per  cent  absorption 
as  compared  to  the  values  38.9  to  48.4  per  cent 
ob  amed  w.th  other  edible  oils  and  ghee  made  from 
milk  of  vanous  ammals.  Basu  and  Nath  had  also 
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observed  a  slower  rate  of  absorption  for  mustard  oil 
at  two  hours,  but  their  values  for  4  and  6  hour  periods 
are  not  much  different  from  those  obtained  with  other 
oils.  Anantakrishnan  found  a  lowering  of  the  rate  of 
absorption  in  rats  when  hydrogenated  product  was 
used  in  place  of  oil.  Similar  results  were  obtained 
with  groundnut,  sesame  and  cotton  seed  oils  and 
their  hydrogenated  products  of  m.p.  38  -39  G. 

Nhavi  and  Patwardhan  (1946)  utilised  Frazer’s 
chylomicrograph  technique  in  the  study  of  compara¬ 
tive  rates  of  absorption  from  the  human  intestine. 
The  test  meal  consisted  of  2  oz.  bread,  1  cup  (8  oz.) 
of  sweetened  tea  and  1  oz.  of  fat  under  investigation 
taken  on  an  empty  stomach.  The  maximum  chylo¬ 
micron  count  was  reached  between  2\  to  3  hours 
with  butter  or  ghee.  Ghee  heated  to  240CC  for  a  few 
minutes  for  frying  was  absorbed  at  a  rate  only  slight¬ 
ly  slower  than  that  of  untreated  ghee.  The  rate  of 
absorption  of  cocoanut  oil  was  similar  to  that  of  butter. 
On  the  other  hand,  groundnut  oil,  sesame  oil  and 
hydrogenated  groundnut  oil  gave  the  maximum 
count  between  5  to  6  hours  (Figure  IV). 

From  their  observations  the  authors  were  led  to 
suggest  that  the  presence  of  lower  fatty  acids  as  com¬ 
ponents  of  the  glyceride  molecule  was  probably  more 
effective  in  determining  the  rates  of  absorption  than 
differences  in  iodine  value.  The  observations  of 
Nhavi  and  Patwardhan  on  butter  and  vegetable  oils 
were  confirmed  by  the  work  of  Subrahmanyan  et  al 
( i  qaq)  These  results,  however,  do  not  agree  with 
those  obtained  with  rats  by  a  different  tech- 


nique. 


The  quality  of  edible  fats  offered  for  sale  to  the 
consumer  is  uncontrolled  and  often  ind.fferent.  A 
mention  of  the  adulteration  of  ghee  has  been  made 
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Figure  IV— Rate  of  absorption  of  edible  fats  from  the  human  intestine.  Each  curve  represents  one  human 
subject.  (By  Courtesy  of  Indian  Journal  of  Medical  Research) 
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already.  Apart  from  hydrogenated  oils,  other  impor¬ 
tant  adulterants  in  frequent  use  have  been  refined 
vegetable  oils  and  even  animal  tallow.  Adultera¬ 
tion  is  unchecked  and  probably  has  increased 
considerably  in  extent  on  account  of  the  scarcity  of 
ghee  and  the  resultant  high  cost.  The  vegetable  oils 
themselves  are  adulterated  in  actual  practice.  White 
oil  is  a  favourite  adulterant  which  several  vendors  use; 
this  malpractice  has  increased  to  such  an  extent,  that  it 
has  already  become  a  menace  to  public  health.  Mus¬ 
tard  oil,  adulterated  with  argemone  oil,  wilfully 
or  otherwise,  has  been  responsible  for  numerous  out¬ 
breaks  of  epidemic  dropsy  in  Bengal.  One  is  left  with 
the  strong  impression  that  food  laws  are  quite  inade¬ 
quate  and  business  morality  has  reached  a  new  low 
standard.  It  will  be  a  herculean  task  to  set  matters 
right. 

Apart  from  adulteration,  the  quality  of  the  un¬ 
adulterated  product  itself  causes  concern.  Oils  of 
varying  acidity  and  peroxide  values  are  on  the  market. 
These  two  conditions  are  unfavourable  for  the  stabi¬ 
lity  of  dissolved  vitamin  A  and  carotene.  As  most 
vegetable  oils  do  not  contain  carotene  and  none  con¬ 
tains  vitamin  A,  the  problem  would  have  been  of 
academic  interest  were  it  certain  that  rancid  oils 
exerted  no  influence  on  carotene  and  vitamin  A 
introduced  in  the  intestines  with  other  foodstuffs.  In 
any  case  the  suggestion  of  Ramamurti  and  Banerjee 
( 1 048)  that  the  sale  of  oils  showing  free  acid  beyond 
a  certain  limit  should  not  be  permitted  for  edible 
purposes  is  certainly  worthy  of  consideration.  1 

Some  other  investigations  on  fat  may  be  mentioned 
i„  passing.  Basu  and  Nath  (1946)  reported  differences 
in  growth  promoting  value  of  mustard  cocoanut, 
sesame  and  groundnut  oils  in  rats.  They  found  that 
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cow  butter  gave  significantly  better  growth  and  even 
among  oils  there  were  significant  differences.  These 
conclusions  have  not  been  substantiated  by  later 
work,  notably  that  of  Anantakrishnan  and  co¬ 
workers.  Basu  and  Nath  used  comparatively  a  small 
number  of  animals  and  their  vitamin  supplements 
about  which  they  give  no  quantitative  information 
were  probably  variable  and  inadequate  since  no  pure 
vitamins  were  used.  Mason  (1944)  has  made  an 
interesting  observation  in  albino  rats  on  the  growth 
depressing  action  of  butter  when  added  to  poor  rice 
diet.  Similar  growth  inhibition  in  rats  was  obtained 
when  cocoanut,  sesame  or  groundnut  oil  was  added 
to  a  poor  rice  diet.  Mason,  Theophilus  and  Frimodt- 
Moller  (1945)  found  that  when  casein  was  added 
with  butter  to  the  poor  rice  diet,  growth  rate  was 
considerably  accelerated,  and  with  the  addition  of 
calcium  lactate,  growth  was  still  further  accelerated. 
Similar  observations  on  the  supplementary  effect  of 
butter  and  ragi  were  made  by  Mason,  Devadas  and 
Frimodt-Moller  (1946).  The  depressant  effect  of  ad¬ 
dition  of  fat  to  poor  rice  diet  has  been  observed  by 
other  workers  also,  but  an  adequate  explanation  is 
still  lacking. 
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CHAPTER  IX 


CALCIUM,  PHOSPHORUS  AND  OTHER 
MINERALS 

AMONG  the  mineral  components  of  the  diets  the 
absorption  and  metabolism  of  calcium  and  phos¬ 
phorus  have  received  detailed  attention  at  the  hands 
of  Indian  workers.  Chitre  and  Patwardhan  (1940) 
studied  the  absorption  of  calcium  from  the  intestines. 
Working  with  anaesthetized  dogs  they  observed  that 
on  the  introduction  into  the  duodenum  of  calcium 
chloride  or  calcium  lactate  solutions  the  concentra¬ 
tion  of  calcium  in  the  portal  blood  and  mesenteric 
lymph  increased  simultaneously.  The  preabsorption 
level  of  serum  or  lymph  calcium,  the  amount  of  the 
salts  introduced  or  the  pH  of  the  solution  within  the 
limits  investigated  had  little  influence  on  the  rate  or 
extent  of  rise  of  calcium  in  lymph  and  portal  blood. 
The  authors  suggested  that  the  absorption  of  calcium 
proceeds  by  the  lymphatic  as  well  as  the  portal  venous 
routes.  That  both  these  routes  are  open  for  the 
transport  of  absorbed  materials  from  the  intestine 
and  that  only  the  (a)  permeability  of  lymph  and  blood 
capillaries  and  (b)  the  rate  of  circulation  are  the 
dominant  factors  in  determining  the  respective 
amounts  transported  by  these  two  routes  had  been 
emonstrated  by  Bolton  and  Wright  (1937)  in  their 
studies  on  digestion  and  absorption  of  peptone. 
These  observations  had  been  extended  by  Patwar- 
an  and  Nhavi  (1939)  to  the  study  of  absorption  of 
phosphates.  When  phosphate  solutions  were  intro¬ 
duced  into  the  duodenum  of  anaesthetized  dogs 
nges  in  the  total  and  inorganic  phosphorus  of 
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lymph  and  portal  blood  occurred  which  proved  that 
the  lymphatic  and  portal  channels  both  were  partici¬ 
pating  in  the  absorption.  These  authors  also  found 
that  at  pH  9-4  the  absorption  of  inorganic  phosphate 
was  rapid  whereas  it  decreased  at  pH  7-0  and  was 
slowest  at  pH  4-9.  Glycerophosphate  was  absorbed 
almost  as  rapidly  as  inorganic  phosphate  at  pH  4-9 
as  was  shown  by  the  rise  in  the  blood  and  lymph 
of  total  and  inorganic  P.  Sodium  phytate,  however, 
at  pH  3-8  or  5.2  was  not  absorbed.  This  was  pro¬ 
bably  due  to  the  fact  that  it  was  not  hydrolysed  in 
the  intestine  owing  to  the  absence  of  enzyme  phytase. 

Patwardhan  and  Chitre  (1942)  studied  the  effect 
of  vitamin  D  on  the  absorption  of  calcium  from 
the  intestine  of  the  albino  rat.  They  used  \  erzar  s 
( 1 936)  isolated  loop  technique  in  normal  rats,  rats 
rendered  rachitic,  and  rats  rendered  hypervita- 
minotic  by  massive  dosage  with  vitamin  D.  Cal¬ 
cium  gluconate  was  introduced  into  the  loops  and 
the  amount  remaining  after  particular  intervals 
determined  in  the  loop  washings.  They  found  no 
significant  differences  in  the  amounts  absorbed  in  the 
three  groups  of  rats.  Their  observations,  thus,  did 
not  confirm  the  report  of  Nicolaysen  ( 1937)  that  in 
rickets  the  absorption  of  calcium  from  the  intestine 
was  defective.  On  the  other  hand,  they  concluded 
that  vitamin  D  had  no  influence  on  the  absorption  of 
calcium  from  the  intestine.  These  observations  o 
not  explain  the  well  known  fact  that  in  rickets  mo 
calcium  is  lost  in  faeces  and  that  on  administra tion 
of  vitamin  D  the  faecal  calcium  decreases.  Recent  y 
a  suggestion  has  been  made  by  Harrison  and  Har¬ 
rison  (1950)  that  the  intestinal  absorption  of  calcium 
is  a  summation  of  two  phases,  an  initial  rapid  phas 
and  a  slow  phase.  The  rapid  phase,  according 
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these  authors,  is  uninfluenced  by  vitamin  D  whereas 
in  the  slow  phase  calcium  absorption  is  increased 
under  the  influence  of  vitamin  D.  If  this  be  true  the 
observations  of  Patwardhan  and  Chitre  can  be  satis¬ 
factorily  explained. 

The  availability  of  calcium  and  phosphorus  from 
different  foodstuffs  has  been  determined  by  several 
workers.  Ranganathan  (1935)  found  in  rats  that 
retention  of  calcium  when  the  latter  was  supplied  by 
bajra  ( Pennisetum  typhoideum)  and  ragi  ( Elsusine  coracana ) 
was  less  than  50  per  cent  whereas  the  calcium  of 
whole  wheat,  jowar  ( Sorghum  vulgare)  and  polished  rice 
was  retained  to  the  extent  of  70  to  87  per  cent.  The 
retentions  of  phosphorus  from  these  different  food¬ 
stuffs  were,  however,  not  markedly  different.  Giri 
(I94°)  observed  that  at  lower  levels  of  intake  the 
utilisation  of  ragi  calcium  was  higher.  He  also  found 


that  on  cereal  diets  a  major  portion  of  faecal  phos¬ 
phorus  in  rats  was  in  the  form  of  ester  phosphorus. 
Rau  and  Murthy  (1942),  Basu,  Basak  and  De  (1942) 
and  Basu  and  Ghosh  (1943  a)  have  determined  the 
availability  of  calcium  from  green  vegetables.  The 
last  named  authors  (1943  b)  found  in  one  human 
subject  that  calcium  retention  from  cabbage,  lady’s 
finger  and  amaranth  was  lower  than  that  from  milk. 
These  experiments  require  to  be  extended.  Karnani, 
De  and  Subrahmanyan  (1948)  found  the  calcium 
from  fortified  soya  bean  milk  well  utilised  by  rats; 
Karnani  et  al  (1948)  studied  the  same  problem  in 
children  7  to  8  years  in  age.  Using  the  method  of 
eggerda  and  Mitchell  (1939)  they  found  that 
cium  from  soya  bean  milk  was  utilised  almost  to 
the  same  extent  as  that  from  cow  milk. 

beeIh!,„HUTn,ruqUiremen,S  °f  Calcium  have 

died  although  inadequately.  Basu,  Basak 
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and  Rai  Sircar  (1939)  report  that  for  Indians 
0.388  gms.  of  calcium  and  i-oo  g.  of  phosphorus 
may  be  considered  as  maintenance  requirement. 
Nicholls  and  Nimalsuriya  (1940)  suggest  that  0  5  gm. 
of  calcium  daily  should  be  sufficient.  The  American 
and  European  standards  are  considered  high  by 
them,  but  Sherman’s  figures  for  requirements,  shed 
of  their  safety  margin  appear  close  enough  to  the 
above  figure.  Further  information  on  the  require¬ 
ments  of  calcium  and  phosphorus  is  obviously  neces¬ 
sary  particularly  in  view  of  the  effects  of  certain 
dietary  factors  on  their  metabolism  which  have  re¬ 
cently  been  investigated  by  Desikachar  and  Subrah¬ 
manyan  (1948,  1949). 


IRON 

The  amount  of  total  iron  in  Indian  diets  appears 
to  be  more  than  adequate,  yet  there  are  reasons  to 
believe  that  the  wide  prevalence  of  microcytic  anae¬ 
mias  is  mainly  due  to  iron  deficiency.  It  is  probable 
that  only  a  part  of  the  dietary  iron  is  physiologically 
available.  Roy,  Pal  and  Guha  (1939)  determined  the 
total  and  ionisable  iron  in  the  dietaries  in  eight 
students’  hostels  and  found  values  of  total  iron  bet¬ 
ween  34.6  to  39  7  mg-  Per  head  Per  day;  only  18  t0 

25  per  cent  of  this  was  ionisable  iron.  Lehmann  (1949) 
has  studied  the  ‘available’  iron  in  wheat  dietaries  of 
North-West  India.  He  determined  the  total  iron 
content  of  these  diets  by  diet  surveys  and  by  analyses 
of  foodstuffs  and  found  it  to  be  between  22  and  27  mg. 
per  day.  Only  39-40  per  cent  of  the  total  iron  was 
in  the  form  of  ‘available’  iron.  Although  there  are 
no  comparable  data  on  dietaries  elsewhere,  the  simi¬ 
larity  of  foodstuffs  entering  into  the  composition  ot 
Indian  dietaries  leads  one  to  believe  that  available 
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iron  may  be  between  18  and  40  per  cent,  i.e.,  between 
the  two  extremes  of  the  recorded  observations. 
Ranganathan  (1938)  reports  wide  variations  in  the 
iron  content  of  foodstuffs  notably  in  green  leafy 
vegetables  and  hence  the  calculation  of  iron  content 
of  diets  may  lead  to  wrong  estimates  of  intake.  He 
quotes  the  work  of  Hahn  and  Whipple  (1938)  on 
utilisation  of  iron  and  its  salts  and  agrees  with  their 
suggestion  that  all  the  ionisable  iron  need  not  neces¬ 
sarily  be  considered  as  physiologically  available. 
Saha  and  Guha  (1940)  observed  that  in  certain 
animal  tissues,  e.g.,  fish  muscle,  a  part  of  physiologi¬ 
cally  available  iron  exists  in  combination  with  protein; 
it  can  be  liberated  by  peptic  digestion  and  then  can 
be  estimated  by  the  dipyridyl  method  of  Hill.  Pal 
(1939)  determined  the  ionisable  iron  in  human  and 
cow  milk  and  found  that  98-99  per  cent  of  the  total 
iron  in  the  former  and  over  90  per  cent  in  the  latter 
was  ionisable.  Saha  and  Banerjee  (1943)  have  com¬ 
pared  the  absorption  from  isolated  loops  of  rat  intes¬ 
tines  of  ferric  chloride,  ferrous  ammonium  sulphate 
and  Fe-Cu-nucleoprotein  complex  isolated  by  Saha 
(1941)  from  fish  muscle.  They  found  that  iron  in 
all  the  three  was  equally  well  absorbed. 

Guha  and  his  school  have  devoted  considerable 
attention  to  the  iron  complexes  of  fish  muscle  and 
e§§  yolk.  Iron  in  fish  muscle  according  to  them 
exists  in  a  Fe-Cu-Protein  complex  and  is  resistant  to 
peptic  hydrolysis.  This  iron  is,  however,  found  avai¬ 
lable  for  haemoglobin  formation  in  anemic  rats. 
Ihese  authors  have  purified  the  Fe-lecithovitellin 
complex  and  used  it  for  comparative  haemopoiesis 
studies.  They  find  that  iron  from  this  complex  when 
compared  with  FeGfi  is  equally  well  utilised  by  ane¬ 
mic  rats  for  haemoglobin  regeneration,  whereas  iron 
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from  wheat,  rice  and  pulse  (lentil)  is  poorly  utilised. 
Phytin  content  of  the  latter  probably  plays  a  role  in 
determining  its  availability  in  these  foodstuffs.  If 
the  results  obtained  in  these  investigations  are  any 
indication  they  lend  further  support  to  the  statement 
made  at  the  beginning  of  this  section,  that  in  spite  of 
adequate  amounts  of  total  iron  in  the  diets  there 
might  still  exist  iron  deficiency  owing  to  the  variable 
availability  of  the  element.  It  is,  therefore,  impera¬ 
tive  that  we  know  more  about  the  biological  availa¬ 
bility  of  iron  in  various  foodstuffs. 

There  are  two  other  mineral  elements,  iodine  and 
fluorine,  which  will  have  to  be  considered  in  relation 
to  nutrition  and  health  in  India;  for  both  the  iodine 
deficiency  goitre  and  the  toxic  effect  (fluorosis)  of 
chronic  excess  of  flourine  intake  are  conditions  found 
in  certain  parts  of  India.  As  it  is  considered  more 
appropriate  to  discuss  work  on  iodine  and  fluorine 
while  dealing  with  these  diseases,  they  are  not  being 
dealt  with  in  this  chapter. 
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CHAPTER  X 


CAROTENE  AND  VITAMIN  A 


The  IMPORTANCE  of  carotene  in  Indian  diets  as  a 
source  of  vitamin  A  can  hardly  be  overemphasized. 
As  mentioned  later  in  the  chapter  on  Diets,  the  bulk 
of  the  Indian  population  ingests  in  negligible  quanti¬ 
ties  foodstuffs  containing  preformed  vitamin  A.  It  is 
mostly  the  carotene  in  different  vegetables  and  fruits 
which  is  utilised  for  conversion  into  vitamin  A.  It  is, 
therefore,  not  surprising  that  the  occurrence  of  caro¬ 
tene  and  related  pigments  in  vegetables  and  food¬ 
stuffs  has  been  studied  in  detail.  Already  we  possess 


information  on  the  total  carotenoid  content  of  over 
200  common  Indian  foodstuffs.  The  vitamin  A  acti¬ 
vity  of  different  carotenoids  varies  greatly  and  hence 
the  recent  studies  of  Ahmad  and  his  school  on  the 
identification  of  the  carotenoids  in  plant  foods  is 
worthy  of  mention.  These  workers  have  examined 
tomatoes,  mango,  carrots  and  maize  and  have  shown 
that  true  vitamin  A  activity  can  be  calculated  with 
reasonable  accuracy  if  the  carotenoid  composition  is 
known.  Sadana  and  Ahmad  (1946  a)  identified  in 
maize  from  Punjab,  zeaxanthin,  cryptoxanthin,  neo- 
cryptoxanthin  a-carotene  and  £ -carotene,  the  total 
pigments  amounting  to  18-8  *g/gm.  Taking  into  con- 
sideration  the  varying  vitamin  A  activity  of  thes 
pigments  the  authors  gave  for  medium  yellow  maize 
a  vitamin  A  value  of  6.5  to  9-0  I.U./gm.  and  for  dark 
vellow  to  deep  red  varieties  10  to  12.5  I.U./gm.  Using 
similar  technique  Sadana  and  Ahmad  (1946  b)  give 
vitamin  A  values  of  8-67  I.U./gm.  for  10  differen 
varieties  of  mango.  Sadana  (.947)  has  reported  great 
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variations  in  vitamin  A  values  of  carrots,  red  varie¬ 
ties  being  the  richest  with  85  to  194  I.U./gm.  and 
yellow  the  poorest  with  only  0  5  to  2  3  I.U./gm.  Bahl, 
Sadana  and  Ahmad  (1949)  report  that  in  tomatoes 
the  concentrations  of  lycopene  and  ^-carotene  differ 
in  different  varieties,  intervarietal  crossing  gives  in¬ 
termediate  values  for  lycopene  but  £ -carotene  con¬ 
tent  is  depressed.  It  must  be  admitted  that  investiga¬ 
tions  of  this  kind  are  important  for  till  recently  it  has 
been  the  practice  to  lump  together  several  carote¬ 
noids  and  calculate  the  vitamin  A  value  by  the  use  of 
arbitrarily  chosen  factors.  It  will  be  necessary  to 
evaluate  a  large  number  of  vegetable  foodstuffs  to 
obtain  the  correct  vitamin  A  values  based  on  their 
different  carotenoid  content. 


^e(I935» 1 937  a  and  b)  has  done  considerable  work 
on  the  spectrophotometric  assay  of  vitamin  A  and 
carotene.  He  took  advantage  of  differential  rates  of 
destruction  of  vitamin  A  and  carotene  when  exposed 
to  ultra  violet  light  in  devising  a  simple  method  for 
estimation  of  the  two  constituents  where  both  were 
present.  Later  he  showed  that  from  the  ether  or 
petroleum  ether  solutions  of  oils  containing  vitamin 
and  carotene  the  latter  could  be  removed  by 

adsorp,10n  °n  charcoal.  In  the  presence  of  glycerides 

comn?eterP  Vi  °f,Carot®ne  was  fou"d  to  be  almost 
P  e,  while  that  of  vitamin  A  was  negligible. 

how'  ar  treatment  of  the  nonsaponifiable  fraction 
however,  made  no  difference  in  the  adsorption  of 

increased3  tT8'1  °f  V‘tamin  A  Was  aPPreciabIy 
assisted  in  £*.£££'*  °f  Mroquinone 
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(1937)  independently  estimated  carotene  tintometri- 
cally  in  a  large  variety  of  foodstuffs.  Most  of  these 
values  will  have  to  be  interpreted  with  caution  in  the 
light  of  later  work  by  Ahmad  et  al.  It  is  necessary, 
as  mentioned  earlier,  that  extensive  investigation  to 
determine  the  true  vitamin  A  activity  of  the  import¬ 
ant  plant  foods  in  India  is  undertaken  to  provide  the 
requisite  information. 

A  reference  to  the  vitamin  A  content  of  ghee  (clari¬ 
fied  butter)  and  that  of  milk  has  already  been  made 
in  the  chapter  dealing  with  milk  and  milk  products. 
Another  material  which  attracted  a  good  deal  of  at¬ 
tention  for  its  vitamin  A  content  during  the  last  ten 
years  deserves  mention.  Fish  liver  oils,  particularly 
those  of  saw-fish  and  Indian  shark,  were  found  by 
several  workers  in  India  [Seshan  (1940).  Majumdar 
(1941),  Rajagopal  (1941)  and  Niyogi  al  (/943)]  *° 
contain  appreciably  large  amounts  of  vitamin  A.  The 
product  known  as  shark  liver  oil  is  now  being  manu¬ 
factured  in  large  quantities  and  at  one  time  comple¬ 
tely  replaced  cod  liver  oil  in  the  Indian  market  when 
its  import  was  either  restricted  or  negligible  during  the 
war  years.  Most  of  the  determinations  of  vitamin  A 
content  in  fish  liver  oils  were  done  either  colorimetn- 

cally  or  spectrophotometrically.  Rajagopal  and  e- 

shan  compared  the  two  methods  using  the  whole  oil 
and  the  nonsaponifiable  fraction.  Working  with 
marine  fish  (shark  and  saw  fish)  liver  oils  RaJa|°P 
found  that  the  colour  intensity  with  nonsaponifiable 
fraction  was,  on  an  average,  r-fio  times  that  obtained 
with  the  equivalent  quantity  of  the  whole  od  a  rat.0 
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hydrolysis  of  vitamin  A  ester  during  saponification  of 

International  Units 

the  oil.  The  average  ratio  of - Blue  UnTts - varied 

very  widely  with  the  whole  oil  but  with  non-saponifi- 
able  fraction  the  variation  was  less.  The  author 
recommends  the  conversion  factor  of  53  which  he 
finds  to  be  in  close  agreement  with  factor  55  recom¬ 
mended  by  Seshan  ( loc .  cit).  Both  these  workers 
have  used  1600  as  the  conversion  factor  for  expressing 

vitamin  A  content  from  the  figure  for  E  j  ^328  m«. 

Attempts  to  compare  the  biological  activity  with 
the  calculated  values  from  tintometry  were  made  by 
Ghosh  and  Guha  (1935)  who  found  that  the  biological 
activity  (in  rats)  of  vitamin  A  preparations  varied 
according  to  the  solvent  used  for  diluting  the  vitamin 
concentrates.  On  the  whole,  however,  they  found 
some  agreement  between  tintometric  and  biological 
values.  Datta  and  Banerjee  (1934)  also  reported 
good  agreement  between  the  two  methods  of  assay. 
The  liver  oils  used  by  the  two  sets  of  authors  origi¬ 
nated  from  the  same  varieties  of  fresh  water  fish,  e.g., 
Labio  rohita  and  Cirrhina  mirgala.  Niyogi  et  al  (loc.  cit) 
compared  the  vitamin  A  value  of  liver  oils  of  two 
marine  fish  Sciana  miles  and  Scoliodon  sorrokowah  by 
tintometric  and  biological  assay  methods.  The 
former  method  gave  7,300  I.U.  and  42,000  I.U. 
vitamin  A  per  gm.  of  oil  respectively.  The  average 
results  of  two  biological  assays  on  each  sample  were 
7,260  and  30,320  I.U./gm.  respectively.  The  authors 

Cautl0ned  a§ainst  uncritical  acceptance  of 
ther  the  tintometric  or  spectrophotometric  results 
on  new  fish  liver  oils.  Rao  (.946)  and  more  recently 
Bose  and  Subrahmanyan  (I949)  have  studied  the 
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conditions  under  which  the  vitamin  A  in  fish  liver  oils 
is  destroyed.  The  latter  authors  have  confirmed  the 
suggestions  of  Bose  and  Banerjee  (i945)  regarding 
the  steps  to  be  taken  to  protect  the  vitamin  from  such 
destruction.  A  combination  of  isobutyl  gallate  and 
tartaric  acid  or  citric  acid  (0.02  %  :  o-oi  %)  gives  very 
good  protection. 

Absorption  and  utilisation  of  carotene  and  Vitamin  A : 
De  (1937)  studied  the  absorption  of  carotene  and 
vitamin  A  from  the  gastrointestinal  tract  of  the 
albino  rat.  He  found  that  45  to  65  per  cent  of  caro¬ 
tene  was  absorbed  from  red  palm  oil,  orange  juice, 
papaya  and  amaranth  leaves.  The  body  weight  of  the 
animal  and  the  presence  of  fat,  minerals  or  dried 
yeast  did  not  materially  influence  the  absorption  of 
carotene.  Under  similar  conditions  vitamin  A  was 
almost  completely  absorbed.  De  and  Majumdar 
(1938)  could  find  no  difference  in  the  extent  of 
absorption  of  carotene  in  weanling  rats  kept  on  poor 
South  Indian  diet  as  compared  with  rats  of  compa¬ 
rable  age  but  previously  depleted  of  vitamin  A 
Wilson,  Ahmad  and  Majumdar  (1936)  had  observed 
that  the  presence  of  fat  in  the  diet  assisted  carotene 
absorption  in  vitamin  A  depleted  rats.  A  similar 
observation  has  been  recorded  by  Wilson  Das  Gupta 
and  Ahmad  (1937)  in  an  adult  human  subject  On  a 
10  to  30  mg.  intake  of  carotene  this  subject  absorbed 
78  to  87  per  cent  of  carotene  when  mustard  oil  and 
ghee  were  included  in  the  diet.  When  «he  fats  were 

omitted  the?  absorption  was  only  5*  P«  *h* 

other  hand,  t5,ooo  to  30,000  I.U.  °f  vitamin  A  were 
almost  completely  absorbed  irrespective  of  the  pre 
sence  or  absence  of  added  fat  in  the  d.et  Majumda 
(1030)  kept  vitamin  A  depleted  rats  on  nearly  fat  free 
0  4  per  cent  fat)  diets  and  administered  to  them 
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orally  a  colloidal  suspension  of  carotene  in  2  per  cent 
glucose.  From  a  study  of  the  improvement  in  the 
clinical  condition  and  in  liver  storage  of  Vitamin  A, 
he  concluded  that  fat  was  not  necessary  for  the 
absorption  of  carotene.  This  may  be  so  but  as  other 
experiments  have  shown  the  absorption  may  be 
greater  when  fat  is  also  present. 

Ahmad  and  Malik  (1933)  and  Ahmad,  Grewal  and 


Malik  (1934)  have  observed  certain  species  differen¬ 
ces  in  the  capacity  to  utilise  carotene.  Rats,  cats, 
rabbits,  pigeons  and  chicks  were  first  depleted  of 
vitamin  A  and  then  fed  0.5  mg.  carotene  (from 
carrots)  per  kg.  body  weight  per  day  for  eight  weeks. 
The  authors  found  that  rat  had  the  highest  storage 
of  vitamin  A  in  liver  and  cat  none.  They  conclude 
that  cat  cannot  convert  carotene  into  vitamin  A  but 
it  can  store  the  latter  if  administered  preformed. 
When  colloidal  aqueous  suspensions  of  carotene  were 
injected  intraperitoneally  or  intramuscularly  in  rats 
dogs,  goats  and  rabbits,  the  authors  could  find 
conversion  into  vitamin  A  only  in  rabbits.  Later 

.  1  SOn’  Ahmad  and  Majumdar  (1937)  found  an 
increase  in  vitamin  A  and  decrease  in  carotene  con¬ 
tent  of  an  autolysing  liver  from  a  rabbit  given  3.4  ms 
carotene  intravenously.  When  carotene  was,howevef‘ 
fed  orally  no  such  conversion  could  be  observed  an 

livers"6  TheWhlCfV  £imHar  *°  ‘hat  observ ed  m  rat 
ivers.  The  authors  express  a  doubt  whether  the 

converse  of  orally  administered  carotene  norma  ! 

would  take  place  in  the  liver,  which  merdy  conSS 

stances  carotene  mpr.Kr  i  circutn- 

Otene  merely  accumulated  in  the  liver. 
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On  the  other  hand,  the  conversion  of  orally  fed 
carotene  to  vitamin  A  had  been  repeatedly  observed 
by  various  workers.  Sexton  et  al,  therefore,  suggest¬ 
ed  that  intestine  was  the  site  of  conversion.  In  1947, 
Mattson,  Mehl  and  Deuel  produced  evidence  to  show 
that  the  wall  of  the  intestine  was  the  site  of  conver¬ 
sion.  This  has  been  confirmed  by  Glover,  Goodwin 
and  Morton  (1947)-  Certain  experiments  carried  out 
at  Coonoor  (1949)  showed  that  while  the  wall  of  the 
intestine  was  involved  in  the  conversion  a  certain 
amount  of  vitamin  A  was  also  found  in  the  intestinal 
lumen  of  rats  to  whom  carotene  had  been  adminis¬ 
tered  orally.  Similar  observations  were  reported  by 
Thompson,  Ganguly  and  Kon  (i949)-  lt  appears, 
however,  that  the  evidence  for  conversion  in  tie 
lumen  itself  is  still  tenuous,  considering  the  large 
doses  of  carotene  given  and  the  extremely  small 
amounts  of  vitamin  A  found  in  the  intestine  at  any 


Hassan  and  Khanna  (1947)  and  Hassan,  Ibrahim 
and  Khanna  (1948)  have  determined  the  vitamin  A 
blood  levels  in  108  men  and  15  women  med  c 
students  in  Lahore.  Their  average  values  are 

follows  : 


No. 

Vitamin  A 

1.  u. 

Vitamin  A  plus 
Carotene  I  U. 

- — - - 

48 

109 

202 

Men 

1  5 

91 

190 

Women 

Men  II  Series 

60 

125 

_ 
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Hassan  and  Khanna  used  a  modified  Jeans-Zent- 
mire  apparatus  for  determining  the  dark  adaptation  of 
their  subjects  and  found  that  the  plasma  levels  lower 
than  60  I.U.  were  associated  with  impaired  dark 
adaptation.  Some  other  observers  in  India  also  have 
studied  dark  adaptation,  but  none  has  tried  to  cor¬ 
relate  its  impairment  with  blood  levels  of  vitamin  A 
[Rajagopal  (1941),  Basu  and  De  (1941)].  Khan 
( 1 945)  tested  1,280  members  of  the  Armed  Forces  in 
a  forward  area;  15  female  nurses,  50  British  officers, 
100  British  Other  Ranks  and  1,090  Indian  Other 
Ranks  formed  the  entire  group.  The  percentages  of 
persons  with  impaired  dark  adaptation  were  13-3, 
io- 1  and  29-2  respectively.  To  show  that  this  was 
probably  due  to  vitamin  A  deficiency,  vitaminized 
oil  was  fed  to  43  selected  persons;  25  of  these  showed 
improvement  within  a  week  and  the  night  vision  of 
18  returned  to  normal. 
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CHAPTER  XI 


VITAMINS  B 

A  LARGE  NUMBER  OF  Indian  foodstuffs  have  been 
examined  by  various  workers  for  vitamins  of  the  B- 
complex.  For  this  purpose  the  well  known  chemical 
methods  have  been  used.  In  certain  instances  modi¬ 
fications  and  procedural  refinements  have  been  in¬ 
troduced.  Thus  Swaminathan  (1938,  1940,  1941, 
1942  and  1944)  developed  methods  of  estimation  for 
thiamine,  riboflavin,  nicotinic  acid  and  pyridoxine. 
Bhagvat  (1943)  has  described  the  advantages  of  using 
a  suspension  of  washed  pig  s  intestinal  mucosa  for 
enzymic  digestion  of  the  test  material,  the  product  of 
this  reaction,  according  to  her, -is  also  suitable  for 
estimation  of  nicotinic  acid  and  thiamine.  Mukundan 
and  Rama  Sastri  (1948)  found  that  treatment  ofurine 
with  basic  lead  acetate  successfully  removed  substan¬ 
ces  interfering  with  thiochrome  estimation.  The  fol¬ 
lowing  papers  contain  information  about  the  methods 
used  and  the  results  obtained  with  different  food¬ 
stuffs:  Aykroyd  and  Swaminathan  (1940),  Passmore 
and  Sundararajan  (1941),  Giri  and  Naganna  (i94x)» 
Khorana,  Sarma  and  Giri  (1942),  Rao,  Ramachandran 
and  Rau  (1942),  Daver  and  Ahmed  (i944)»  Swami¬ 
nathan  (1946)  and  Bhagvat  (1946)- 

Murthy  (1937)  compared  the  biological  and  fiuoro- 
metric  methods  of  riboflavin  estimation  in  certain 
foodstuffs  and  obtained  close  agreement  between  the 

two.  Sarma  (1944)  “tilized  the  Sr0Wth  reSpT 

rice  moth  larvae  ( Corcyra  cephalomca  St)  on  pyridoxine 
deficient  diets  to  determine  the  pyridoxine  content  o 
certain  foodstuffs  and  reported  good  agreement  with 


VITAMINS  B 


107 


the  results  obtained  by  Swaminathan  s  chemical 
method.  Chitre  and  Desai  (1949)  report  that  not 
all  the  nicotinic  acid  found  in  foodstuffs  is  physio¬ 
logically  available.  They  found  that  only  26-1  to 
54-2  per  cent  of  nicotinic  acid  of  certain  foodstuffs 
was  excreted  in  urine  by  niacin  depleted  rats.  On 
the  other  hand,  if  pure  nicotinic  acid  in  equivalent 
quantity  was  fed  the  excretion  was  41  to  77  per  cent. 
They  could  recover  after  five  hours  from  the  intestinal 
contents  of  the  rats  an  appreciable  amount  of  nico¬ 
tinic  acid  originating  in  foodstuffs  like  rice  and  pulses 
(Bengal  gram,  red  gram,)  whereas  an  equivalent 
quantity  of  pure  nicotinic  acid  administered  orally 
was  completely  absorbed  within  the  same  time. 
Chitre  and  Desai  (1949  a)  have  described  a  method 
for  the  determination  of  total  and  available  nicotinic 
acid.  The  observations  reported  by  the  above  authors 
lend  further  support  to  those  of  Bhagvat  and  Misra 
(1946)  reported  three  years  earlier.  On  comparing 
the  effects  of  acid  and  enzymic  hydrolysis  of  food¬ 
stuffs  on  the  liberation  of  nicotinic  acid  the  latter 
had  suggested  that  nicotinic  acid  set  free  by  enzymic 
digestion  represented  the  biologically  available 
fraction. 


Bhagvat  and  Devi  (1944  a)  have  described  the 
presence  of  an  antithiamine  factor  in  certain  cereals, 
pulses  and  oilseeds.  Its  presence  was  suspected  on 
account  of  the  variable  recovery  of  thiamine  when 
added  to  the  above  foodstuffs.  The  factor  can  be 
extracted  with  chloroform  water  within  a  few 
"Vs  thermolabile  and  on  dialysis  separable 
into  (a)  thermolabile  and  nondialysable  and  (b)  ther¬ 
mostable  and  dialysable  fractions,  both  of  which  singly 
proved  inactive.  The  action  of  the  factor  was  pro- 
bably  nonenzymic  since  the  activity  was  independent 
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of  pH  between  3  and  7.  The  product  formed  by 
the  action  of  the  factor  on  thiamine  was  biologi¬ 
cally  inactive  in  thiamine  deficient  rats  and  pigeons. 
On  the  other  hand  it  was  utilized  by  mosquito  ( Aedes 
albopticus)  larvae  for  growth  (Bhagvat  and  Devi, 
1944  b).  The  authors  believe  (1944  c)  that  the  factor 
present  in  cereals,  pulses  and  oilseeds  is  different 
from  the  antithiamine  factor  of  carp  since  the  latter 
shows  in  action  characteristics  which  indicate  that  it 
is  an  enzyme. 

Metabolic  and  other  Studies 

There  are  few  observations  on  the  metabolism  of 
thiamine  and  riboflavin.  Ahmad  and  Guha  (1939) 
assayed  the  thiamine  in  human  urine  by  rat  growth 
method.  They  found  in  four  healthy  subjects  a 
urinary  excretion  of  84  to  228  «g.  thiamine  per  24 
hours  on  an  intake  of  1200  to  1245  Mg-  When  the 
dietary  intake  was  reduced  to  600  to  800  /xg.  a  day, 
the  excretion  fell  to  26  to  38  wg./day  within  5  to  6 
days.  It  again  increased  equally  rapidly  when  the 
higher  level  of  intake  was  restored.  Rama  Sastri, 
Mukundan,  and  Patwardhan  (1950)  have  observed 
the  urinary  thiamine  excretion  in  fifteen  normal  men 
to  vary  between  66  to  1 ,200  x,g.  on  intakes  varying  from 
o-8  to  1.39  mg. /day.  The  level  of  excretion  bore  no 
relation  to  the  level  of  intake.  The  fasting  one  hour 
excretion  ranged  from  3-4  to  90  «g.,  but  about  80  per 
cent  of  the  observations  fell  in  between  5  and  20  «g- 
The  authors  found  a  correlation  between  the  excre¬ 
tion  in  fasting  one  hour  sample  and  that  in  the  24  hour 
specimen.  The  test  dose  returns  were  very  variable 
ranging  from  3  to  55  per  cent  and  were  independent 
of  the  level  of  intake  and  the  pretest  dose  excretion. 
The  authors  could  not  find  any  correlation  between 
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thiamine  excretion  and  the  non-fat  calories  in  the 
diet. 

The  pyruvic  acid  (P)  content  of  blood  in  these 
fifteen  subjects  ranged  from  0-5  to  1-28  mg./ioo  c.c. 
(average  0-9  mg./ioo  c.c.)  and  lactic  acid  (L)  in  blood 
of  8  subjects  was  between  5-95  to  14.88  mg./ioo  c.c. 
The  average  P  :  L  ratio  was  1  :  9.  All  these  values 
fall  within  the  reported  normal  limits  [Bueding  and 
Wortis  (1940),  Golberg  and  Gillman  (1943),  Gold¬ 
smith  (1948).] 

All  the  above  subjects  were  apparently  healthy 
and  showed  values  of  urinary  thiamine  and  blood 
pyruvic  acid  within  normal  limits.  Hence  it  appeared 
that  their  thiamine  intake  was  satisfactory  for  diets 
providing  between  1,660  to  3,500  calories  per  day. 
In  view  of  the  above  the  authors  suggest  that  the 
daily  allowance  of  1  to  2  mg.  thiamine  recommended 
by  the  Nutrition  Advisory  Committee  in  1944  seems 
to  be  adequate. 

Mukundan  (1949)  has  also  collected  data  for 
urinary  thiamine  and  blood  pyruvic  and  lactic  acids 
of  25  girls  of  4  to  14  years  in  age.  In  a  nutrition 
survey  eighteen  of  these  girls  were  graded  very  poor- 
their  thiamine  excretion  gave  an  average  value  of 
37i  ug,  as  compared  with  386  „g.  found  in  children 
graded  good.  The  pyruvic  and  lactic  acid  values 

1  if  o  °'96  and  "'S'  mS-hoo  c.c.  and 

I.  n.9  m  the  “very  poor”  group  and  ,.l6  and 

rf  mg-/,0°  c.c.  and  1  :  12  in  the  “  good  ”  group 

There  were  no  s.gns  or  symptoms  of  thiamine  defid 

-ncy  m  any  of  the  children  belonging  to  the  former 

Mukundan,  Rama  Sastri  and  Patwardhan  /■/„,  -a 
Served  in  fifteen  subjects  referred  to  ll  ] 
innary  riboflavin  excretion  ranging  from  343' 


a 

to 
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4,401  wg.  per  24  hours  on  a  daily  intake  of  0-76  to 
1.91  mg.  The  daily  urinary  excretion  of  riboflavin 
bore  no  relation  to  the  intake.  The  test  dose  return 
after  the  administration  of  1  mg.  riboflavin  varied 
from  4  to  85  per  cent  and  also  had  no  relation  to  the 
pretest  dose  level  of  riboflavin  excretion.  Large 
amounts  of  riboflavin  appeared  to  be  synthesized 
in  the  gastrointestinal  tract.  It  was  observed  that 
when  diets  contained  large  amounts  of  carbohydrates 
and  relatively  small  amounts  of  fat  and  proteins, 
more  riboflavin  appeared  in  urine.  When  quantities 
of  either  fat,  protein  or  both  were  increased,  ribofla¬ 
vin  in  urine  decreased,  a  fact  which  has  also  been 
observed  by  Rama  Sastri  (1949)  in  his  riboflavin 
excretion  studies  on  children  7  to  15  years  of  age. 
This  result  can  be  explained  on  the  assumption  that 
a  better  utilization  of  available  riboflavin  or  a  sup¬ 
pression  of  the  microbial  synthetic  activity  takes 
place  under  certain  conditions.  Whether  one  or  both 
of  these  contribute  to  the  observed  alterations  in 
riboflavin  excretion  is  not  yet  clear.  It  is  likely  that 
both  these  factors  may  operate.  Elvehjem  (1946)  has 
shown  that  in  rats  the  severity  of  riboflavin  deficiency 
could  be  increased  by  isocaloric  substitution  of  fat  foi 
a  large  proportion  of  dextrin  in  a  dextrin  rich  diet. 
The  relationship  between  protein  intake  and  ribo¬ 
flavin  excretion  has  been  observed  by  other  author 

rSarett,  Klein  and  Perlzweig  (1942)  J' °ldham,  Lounds 
and  Porter  (.947) !  Czaczkes  and  Guggenheim  (.946 Ji¬ 
lt  should  be  possible  in  future  studies  separately 
assess  the  effects  of  dietary  com  posit. on  on  (a)  b.osy 

° Sai^A-ved  in  6 
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subjects  a  urinary  excretion  ranging  between  3-0  to 
io-8  mg.  per  24  hours  and  found  that  after  oral 
administration  of  nicotinic  acid  ten  to  twenty  per  cent 
of  the  dose  was  excreted  within  the  first  three  hours. 
On  a  dose  of  100  mg.  Swaminathan  ( loc .  cit)  reported 
an  excretion  of  about  20-28  per  cent  during  24  hours. 
L)e  and  Banerjee  (1948)  found  five  subjects  to  excrete 
$•7  to  7-9  mg.  total  nicotinic  acid  on  an  intake  of 
1*2  mg.  per  day.  According  to  these  authors  a  dose 
>f  500  mg.  nicotinamide  resulted  in  21  per  cent  of  the 
lose  being  excreted  in  24  hours.  The  authors  suggest 
hat  the  intake  was  adequate. 

Kochar  has  reported  nicotinic  acid  values  in  the 
)lood  of  41  young  adults,  the  average  being  367.7 
t 1 29  xxg/ioo  C.C. 

Not  much  work  has  been  done  in  India  on  the 
netabolism  or  requirement  of  other  members  of  the 
I-complex.  Their  importance  in  human  nutrition  as 
ndicated  by  certain  recent  clinical  observations  dis¬ 
cussed  elsewhere  should,  however,  attract  the  atten- 
ion  of  workers  in  India. 
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K.C.  (1948) 

Kochar,  B.D.  (1941) 


—  Ibid.,  34.,  69. 

—  Jour.  Biol.  Chem.  162.,  267. 

— ^  Ind.  Jour.  Med.  Res.  27.,  417. 

—  Ibid.,  28.,  385. 

—  Ibid.,  36.,  335. 

—  Ibid.,  29.,  341. 
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CHAPTER  XII 


VITAMIN  C 


MOST  OF  THE  common  Indian  foodstuffs  have  been 
investigated  for  their  vitamin  C  content.  Before 
Tillmans’  method  of  ascorbic  acid  estimation  became 
well  known  a  few  attempts  had  been  made  to  evaluate 
the  antiscorbutic  potency  of  Indian  foodstuffs  (Wats 
and  Eyles,  1931  and  1932)  by  biological  procedures. 
The  easier  chemical  method  has  been  used  in  all  sub¬ 
sequent  investigations  although  on  a  few  occasions 
the  comparison  of  chemical  and  biological  methods 
has  been  attempted.  Ahmad  (1935)  gives  values  for 
65  foodstuffs  and  Ranganathan  (1935)  f°r  over  100 
foodstuffs.  Biswas  and  Das  (1939)  reported  that  the 


ascorbic  acid  content  of  Indian  chillies  ( Capsicum  an¬ 
num)  increases  on  ripening.  A  significant  finding  is 
that  even  when  the  chillies  are  dried  they  letain  a 
goodly  proportion  of  ascorbic  acid.  Giri  ( 1939)  found 
that  Indian  gooseberry  ( Phyllanthus  embelica  Rom.)  was 
an  unusually  rich  source  of  ascorbic  acid,  containing 
about  7  mg.  per  gram  of  fresh  pulp.  On  drying, 
there  is  a  50  per  cent  loss  in  vitamin  content  (Ranga- 

nathan  1942)-  The  drV  Powder’  when  stored‘n 
bottles  at  room  temperature,  loses  50  per  cent  ot  its 
activity  within  six  months  and  80  per  cent  after  12 
months.  On  the  other  hand,  Mitra  and  Ghose  0942) 
reported  a  loss  of  only  66  per  cent  in  one  year.  They, 
however,  found  that  when  stored  in  a  refrigerator 
the  loss  in  a  year  was  approximately  20  per  cent. 
The  researches  on  Indian  gooseberry  had  a  topical 
interest,  for  in  the  early  years  of  World  War  II, 
tablets  and  lozenges  made  from  dried  an  pow  ere 
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fruit  were  extensively  used  for  the  Indian  Armed 
Forces  as  a  source  of  vitamin  C.  With  the  advent 
and  easy  availability  of  synthetic  ascorbic  acid  the 
natural  source  was  abandoned. 

Another  common  foodstuff  rich  in  ascorbic  acid  is 
drumstick  ( Moringa  oleifera)  leaf;  values  as  high  as 
i- 14  per  cent  on  fresh  weight  have  been  reported 
(Panse  and  Sreenivasan,  1945).  There  are  other 
edible  leaves  like  amaranth,  coriander,  ipomea,  etc., 
which  are  grown  in  plenty  and  are  cheap  in  price. 
Certain  popular  fruits  like  guava,  mango,  papaya, 
etc.,  when  they  are  in  season  would  supplement 
vitamin  G  in  Indian  diets.  It  must  be  said,  however, 
that  the  bulk  of  the  Indian  population  relies 
on  cheap  green  leafy  vegetables  for  dietary  supplies 
of  ascorbic  acid.  Certain  legumes  and  pulses  on 
germination  give  rise  to  appreciable  quantities  of 
ascorbic  acid  [Bhagvat  and  Rao  (1942  a  and  b),  De 
and  Barai  (1949)].  Mere  soaking  in  water  does  not 
cause  the  appearance  of  vitamin  G;  for  it  to  do  so 
the  grain  has  to  germinate.  The  maximum  increase 
in  ascorbic  acid  content  can  be  demonstrated  within 


30-48  hours  after  the  start  of  germination,  the  value 
then  remains  stationary  for  three  to  four  days.  As 
germination  proceeds  the  ascorbic  acid  increases  in 
the  sprout  and  decreases  in  the  cotyledons.  The  un- 
germinated  dry  gram  (pulse  in  husk)  contains  1  to  9 
mg.  ascorbic  acid  per  100  gm.  Bhagvat  and  Rao 
(1942  b)  later  confirmed  the  presence  of  vitamin  G  in 

ry  ungerminated  Bengal  gram  by  its  antiscorbutic 
activity  in  guinea  pigs. 

Chakraborty  and  Roy  (.936)  reported  an  average 
urinary  excretion  of  9.65  mg.  ascorbic  acid  per  "4 
hours  in  two  subjects.  They  made  an  interesting 
observation  that  When  rice  in  the  diet  was  replaced 
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by  equal  quantities  of  fat  or  protein  the  ascorbic  acid 
excretion  rose  by  50  per  cent  only  to  return  to  the 
original  level  after  the  subjects  were  returned  to  their 
usual  carbohydrate  rich  diet.  Ahmad  (1935)  had 
also  observed  that  the  indophenol  reducing  property 
of  urine  was  increased  on  a  high  protein  diet.  Chopra 
and  Roy  (1936)  suggested  that  all  of  the  indophenol 
reducing  capacity  of  urine  was  not  necessarily  due  to 
ascorbic  acid,  particularly  the  increase  on  high  pro¬ 
tein  diets  might  be  due  to  the  presence  of  reducing 
substances  other  than  ascorbic  acid.  In  their  hands 
biological  tests  proved  inconclusive. 

Ranganathan  and  Sankaran  (1937)  determined  the 
urinary  ascorbic  acid  in  24  residents  of  Coonoor  and 
Wellington  belonging  to  different  age  groups.  They 
observed  values  ranging  from  i-2  mg.  to  9-38  mS-  Per 


24  hours  with  an  average  of  4.75  mg-  Four  youn§ 
adults  excreted  between  7-6  and  9-4  mg.  per  day,  4 
out  of  5  children  (5  to  13  years)  between  i-2  to  2-5 
mg.  and  4  persons  over  60  years  between  1.7  to  5-3 
mg.  The  excretion  in  n  pregnant  and  lactating 

women  was  1.35  to  7-72  mg-  Per  daV'  AU  ‘he 
figures  are  low  compared  to  those  given  by  5  bikh 
and  s  British  soldiers  in  their  series  in  whom  the 
urinary  ascorbic  acid  varied  from  io-8  to  27  mg.  with 
an  average  of  18  mg.  In  these  latter,  a  test  dose  of 
goo  mg.  ascorbic  acid  resulted  in  a  return  of  3.7  to  8 
per  cent  of  the  amount  administered,  only  in  one 
subject  the  test  dose  return  was  44  per  «nt-  In  the 
other  subjects  test  dose  returns  were  extremely  poor. 
In  subjects  of  both  the  above  groups  load  tests  gave 
indications  of  unsaturation.  Basu  and  Ray  (494°  a 
and  b)  found  in  17  middle  class  Bengalee  boys  a 
urinar  excretion  of  ascorbic  acid  from  ..5  to  55  mf 4 
day.  Most  of  their  subjects  required  1,000  to  2,00 
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mg.  for  saturation.  These  authors  reported  that  the 
excretion  level  was  not  necessarily  indicative  of  un¬ 
saturation,  for  in  two  subjects,  both  excreting  ii-8 
mg.  per  day,  they  found  that  whereas  one  reacted  to 
test  dose  within  24  hours  like  a  saturated  subject,  the 
other  required  seven  days’  continuous  dosage  before 
there  was  an  increase  in  the  urinary  excretion  of  as¬ 
corbic  acid.  These  same  authors  (1940c)  have  reported 
excretion  of  2-4  to  19-0  mg.  per  day  in  six  adult  sub¬ 
jects.  Although  the  above  observations  are  compa¬ 
ratively  few  to  permit  generalisations  about  the  state 
of  vitamin  G  nutrition  of  Indians  being  made,  it  will 
not  be  surprising  if  similar  low  figures  are  reported 
from  other  parts  of  India.  The  common  Indian  diets 
are  deficient  in  vitamin  Cand  a  low  urinary  excretion 
of  ascorbic  acid  should  be  expected. 

Baksh,  Kochar  and  Malik  (1940)  attempted  to 
determine  the  vitamin  C  nutrition  by  the'intradermal 
dye  test.  They  raised  a  wheal  on  the  forearm  by 
injection  of  40  mg.  per  cent  (w/v)  solution  of  the  dye 
and  determined  the  decolorisation  time.  The  average 
value  in  140  college  students  was  found  to  be  8-2 +4-2 
tfdn*  The  plasma  vitamin  Gwas  1  •  19  ±0*3  mg.  per  1 00 
:.c.  The  authors  observed  some  correlation  between 
the  ascorbic  acid  content  of  plasma  and  the  decolori¬ 
sation  time.  They  were,  however,  not  satisfied  about 
the  reliability  of  the  test.  Banerjee  and  Guha  (1939) 
Dbserved  in  41  normal  Bengalee  adults  an  average 
decolorisation  time  of  4  min.  53  sec.  ±  1  min.  48  sec. 
In  9  other  subjects  decolorisation  time  was  found  to 
decrease  after  administration  of  700  mg.  ascorbic  acid. 

In  a  subsequent  investigation  Banerjee  and  Guha 
lI94°)  report  an  average  decolorisation  time  of  8^-0^ 
seconds  after  saturation  in  six  human  subjects. 
Rotter  (1939)  had  suggested  that  a  decolorisation 
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time  of  five  minutes  indicated  saturation,  the  above 
authors  believe  that  the  normal  decolorisation  time 
in  saturated  individuals  must  be  as  short  as  reported 
by  them.  A  further  detailed  study  is  also  reported  by 
Banerjee  (1944).  He  found  that  between  the  tests 
performed  on  the  same  individual  on  different  days, 
on  different  forearms  or  two  experiments  simultane¬ 
ously  on  one  forearm  there  were  no  significant  diffe¬ 
rences.  In  a  survey  of  hostel  diets,  when  diets  were 
poor  in  ascorbic  acid  the  decolorisation  time  was 
found  significantly  longer  than  in  another  season 
when  vegetables  were  plenty  and  hence  vitamin  C  in 
the  diet  adequate.  It  must  be  admitted,  however,  that 
in  spite  of  the  above  satisfactory  reports,  the  intra- 
dermal  test  has  not  been  much  used  in  India  for  the 
assessment  of  vitamin  C  nutrition.  In  fact  not  much 
work  on  the  subject  itself  has  been  reported. 
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CHAPTER  XIII 


BASAL  METABOLISM 

IN  INDIA,  the  subject  of  basal  metabolism  first  at¬ 
tracted  attention  in  the  middle  twenties.  This  was 
followed  by  a  spurt  of  activity  which  lasted  nearly 
twenty  years.  Although  it  cannot  be  said  that  suffi¬ 
cient  information  has  accumulated,  the  subject 
appears  to  have  somehow  failed  to  interest  the  Indian 
workers  any  more.  It  is  a  pity  for  so  much  work 
remains  to  be  done. 

Mukherjee  (1926)  reported  the  observations  made 
on  15  subjects  in  Calcutta  and  in  the  following  year 
Sokhey  (1927)  published  the  results  of  his  preliminary 
work  from  Bombay.  Observations  on  100  male  pri¬ 
soners  at  Lucknow  were  reported  by  Banerji  (1931) 
and  up  till  1940  papers  continued  to  appear  from 
various  laboratories  in  India  giving  a  general  picture 
of  the  level  of  B.M.R.  of  Indian  adults  and  in  a  few 
cases  of  children  as  well.  432  men  from  15  to  75 
years  in  age  and  191  women  from  15  to  55  years  have 
been  subjected  to  B.M.R.  tests.  87  boys  and  16  girls, 
both  between  6  to  16  years,  have  also  been  studied. 
The  results  of  all  the  above  observations  have  been 
summarised  in  Table  XIII.  {see  pages  122,  123) 

The  various  averages  reported  by  all  the  workers 
range  from  34-3  to  36-7  Cals/m /hr.  for  adult  males 
and  30-9  to  35*i  for  adult  females.  The  average  ages 
being  22  to  31  for  males  and  21  to  22  for  females. 
The  first  thing  that  becomes  clear,  therefore,  is  that 
the  age  group  for  which  sufficient  data  are  available 
is  extremely  restricted.  Some  ol  the  workers  have 
omitted  the  details  concerning  age,  height  and  weigh  , 
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a  com- 


etc.,  making  it  practically  impossible  to  give  a 
plete  picture  of  all  the  studies  on  B.M.R.  carried  out 
in  India. 

The  values  for  B.M.R.  given  above  are  lower  than 
the  current  accepted  standards  in  the  western  coun¬ 
tries  only  two  of  which,  viz.,  Harris  and  Benedict  and 
Aub  and  DuBois  have  invariably  been  quoted  in 
the  Indian  literature.  Bose  and  De  (1930)  were  the 
only  workers  who  found  that  the  B.M.R.  of  Indians 
came  up  to  these  two  standards,  their  values  ranging 
within  +  5  and  -5  per  cent  of  these  standards.  All 
the  rest  have  found  distinctly  lower  values  both  for 
men  and  women.  It  is  difficult  to  offer  any  explana¬ 
tion  for  these  unconfirmed  observations  of  Bose  and 
De  and  hence  in  the  following  discussion  no  further 
reference  will  be  made  to  them.  Another  useful  con¬ 
tribution  which  will  have  to  be  unfortunately  omitted 
from  discussion  is  that  by  Banerji  (1931)  already 
referred  to.  .  This  author  has  given  no  figures  for 
heat  production,  but  only  the  deviation  from  certain 
standards  which  also  he  has  left  unnamed. 

B.  M.  R.  of  Adult  Males  :  The  difference  in 
he  extreme  average  values  reported  by  any  two 
authors  is  2.4  Cals/m’/hr.  thus  giving  an  error  of  6.54 
per  cent  on  the  highest  average  of  36.7  reported  by 

the  work  do  39^-  Bat'vardllan  0944)  has  reviewed 
and  h  ne  m  Indla  °n  the  subject  of  B.  M  R 

He  o  r  eXamulned  the  reasons  ^r  these  differences' 
serves  that  they  were  due  to  (a)  different  tech 

renceSin  nPted  f°  mCaSUre  the  and  (b)  diffe- 

rence  in  procedure  followed  to  reach  th* 

values.  Most  workers  have  used  the  ^.average 
type  of  apparatus  of  different  'l  Be"ed'ct^th 
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TABLE  XIII— THE  RESULTS  OF  INVESTIGATIONS: 


Authors  and  year 


Place 

Number  of 

Subjects 

Average 

Age 

Nude 

Wt. 

Kg. 

Standing  j 

height 

MEN 
Calcutta  |  15 

...  1 

1 

... 

>> 

18 

25 

524 

168 

Lucknow 

100 

...  | 

... 

Madras 

58 

... 

... 

Calcutta 

30 

... 

Hydera- 

32 

22 

54-2 

169- 3 

bad  (Dn.) 
Goonoor 

26 

31 

560 

1680 

Bombay 

24 

22-5 

525 

1660 

>* 

60 

26-2 

1 55-5 

j  167*91 

Calcutta 

9 

27 

60-3 

1 

166-7 

.  Lahore 

60 

... 

i  *  * 1 

... 

t>c  8 

c  w 

:  Jc 

i  .$? 
'5 


1  Mukherjee 
(1926) 

2  Mukherjee  and 
Gupta  (1931) 

3  Banerji  (1931) 

4  Krishnan  and 
Vareed  (1932) 


6  Rahman  (1936) 

7  Rajagopal 
(1938) 

8  Niyogi  et  al 
(1939) 

9  Sokhey  &  Ma- 
lankar(1939) 

10  Ahmed  et  al 
(1938) 

11  Khanna&Man- 
chanda  (1946) 


WOMEN 


1  Mason  and 
Benedict  (1931) 

2  Krishnan  and 
Vareed  (1932) 

3  Bose  and  De 
(1934) 

4  Niyogi  et  al 
(1939) 

5  Khanna&Man 
chanda  (1946) 


Madras 

27 

Ta2L 

44-9 

154 

78-2 

17 

M  21 

45-7 

156 

79-3 

6 

Te  22 

43-5 

153 

77-6 

15 

... 

•  •• 

•  •  • 

•  •  • 

Calcutta 

30 

•  •  • 

•  •  • 

... 

•  •  • 

Bombay 

52 

22 

44-7 

152-7 

79-6 

.  Lahore 

... 

•  •  . 

•  •  • 

_ 

Ta  =  Tamil, 
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METABOLISM  BY  ALL  WORKERS  IN  INDIA 


C  o  v 

Heat  Production 

Deviation  from 

O  3 
u  c  a 
a  o  -z 

tn 

c  t: 

to 

Type  of  Apparatus 

« -s  s 

00  Q. 

*  £  fe 
0  5  & 

vi  O 

13  ^ 

O  ^ 

W  Cl 

ut 

Vi 

13 

o 

a  S 

^  o 

-C 

U 

Harri 

and 

Bened 

Aub  and 
DuBois 

.  used 

MEN 


... 

... 

... 

... 

... 

—  14 

... 

186 

1299 

24-79 

34-26 

... 

—  13*3 

Douglas  Bag  & 

gas  analysis 

... 

... 

.  •  • 

... 

... 

“  British 

Benedict  ” 

••• 

... 

... 

34-8 

—10-8 

— 12  0 

Benedict-Roth 

209 

... 

... 

... 

... 

+  5  stan- 

Sanborn 

206 

dard 

1431 

26-40 

36-7 

—6-8 

—8-7 

Sanborn 

192 

1329 

23-57 

34-4 

—8-9 

—12-5 

Benedict- 

187 

1297 

24-75 

34-5 

— 11-7 

—12*9 

Roth  type 
Sanborn 

202-5 

... 

... 

36-3 

—5.3 

—8  0 

Tissot  Gasome- 

ter  and  gas 

207-8 

... 

... 

36-49 

—5-79 

—8-99 

analysis 
Douglas  Bag  & 

•  •  • 

... 

35-66 

gas  analysis 

99 

WOMEN 


150 

151 

148 

... 

1048 

1052 

1033 

23-3 

230 

23-7 

31-3 

30- 9 

31- 3 
31-0 

— 17-4 
— 16-1 
— 17-8 
—18-2 

— 16-8^1 
— 18  2  y 
— 15  8  J 
— 16-2 

Benedict 

Portable 

Benedict-Roth 

... 

•  •  • 

... 

... 

... 

+  5  stan¬ 

Sanborn 

152 

1055 

24-0 

32  05 

—  15-9 

dard 
— 13-8 

Sanborn 

3  Telu 

?U  Woe 

nen. 

35-11 

... 

... 

Douglas  Bag  & 
gas  analysis 
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those  who  have  used  the  former  type  have  assumed 
the  respiratory  quotient  to  be  0-82,  the  latter  have 
calculated  B.M.R.  from  the  actual  R.Q,.  observed  by 
them.  This  has  varied  from  0-83  to  0-84  and  calcu¬ 
lations  based  on  it  will  give  slightly  higher  figures  by 
about  1  per  cent.  The  difference  in  technique, 
therefore,  is  responsible  for  a  very  small  fraction  of 
the  difference.  On  the  other  hand  the  major  difference 
has  resulted  owing  to  the  second  reason  mentioned 
above.  Rajagopal  (1938)  has  used  the  lowest  values 
for  calculating  averages;  Niyogi,  Patwardhan  and 
Mordecai  (1939)  have  used  the  mean  of  the  two  lowest 
values  (not  differing  by  more  than  5  per  cent)  for  the 
averages.  Sokhey  and  Malandkar  (1939)  have  taken 
the  first  reading  only  into  consideration.  It  is,  there¬ 
fore,  natural  to  expect  the  variations  observed  in  the 
different  experiments.  With  all  this,  however,  the 
difference  of  2-4  Cal/m7hr.  does  not  appear  to  be  large 
enough  to  invalidate  the  result  of  any  of  the  workers. 

13.  M.  R.  of  Women:  In  the  series  on  women-) 
only  one  set  of  observations  by  Khanna  and  Man- 
chanda  (1946)  stands  out  different  from  all  the  others. 
These  authors  find  an  average  of  35-1  Cal/nT/hr. 
whereas  reports  of  other  workers  give  values  between 
30.9  and  32.1  Cals/m7hr.  Unless  confirmation  is 
forthcoming  for  the  observations  of  Khanna  and 
Manchanda  it  will  be  right  to  assume  that  the 
B  M.R.  of  women  in  India  lies  within  the  range  of 
ao.q  -  32.1  Cals/mVhr.  Further  it  must  be  mentioned 
that  Khanna  and  Manchanda  report  average  value 
of  33.66  Cals/m7hr.  for  men  in  the  same  series, 
observation  that  there  is  little  difference  between  the 
B  M  R.  values  for  men  (35-66  Cals.)  and  for  women 
(35.11  Cals.)  is  at  variance  with  the  results  obtained 
by  all  the  workers  in  India  and  abroad. 
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There  is  little  doubt,  therefore,  that  the  reported 
B.M.R.  of  Indian  men  is  lower  than  the  Harris  and 
Benedict  and  Aub  and  DuBois  standards  for  Ameri¬ 
cans.  The  B.M.R.  of  Indian  men  is  lower  by  5-3  to 
1 1.7  per  cent  as  compared  with  the  above  standards 
and  the  B.M.R.  of  women  deviates  by — 15-9  to — 18-2 
per  cent  with  respect  to  Harris  and  Benedict  stan¬ 
dards  and  -  13-8  to  -  18. 2  per  cent  with  respect  to 
the  Aub  and  DuBois  standards.  Attempts  have  been 
made  by  almost  all  the  Indian  authors  to  find  an 
explanation  for  the  low  of  their  subjects. 

Among  the  possible  or  probable  causes  were  men¬ 
tioned  (a)  state  of  nourishment  ( b )  low  level  of  protein 
metabolism,  ( c )  tropical  climate,  ( d )  state  of  muscular 
relaxation,  ( e )  surface  area  and  lastly  (f)  race.  All 
these  explanations  have  been  critically  examined  by 
the  author  in  his  review  entitled  “  Studies  on  Basal 
Metabolism”  published  in  1944.  A  short  summary 
of  the  discussion  examining  the  validity  of  arguments 
advanced  is  given  below,  for  it  is  felt  that  the  criti¬ 
cism  then  made  is  still  valid. 

(a)  State  of  Nourishment:  The  men  and 
women  selected  for  most  of  the  Indian  studies  on 
B.M.R.  were  drawn  from  (i)  medical  students  (ii)  staff 
of  medical  colleges  and  (iii)  nursing  staff  of  the 
hospitals.  The  subjects  must,  therefore,  have  belonged 
to  middle  and  higher  middle  classes,  for  the  class  of 
population  from  which  such  personnel  is  drawn  could 
hardly  be  otherwise.  It  is,  therefore,  most  unlikely 
to  find  undernourishment  in  this  class  of  persons, 
this  was  substantiated  at  least  in  the  case  of  subjects 
Erom  Bombay  where  a  diet  survey  showed  that  their 
fliets  bordered  on  the  luxurious.  Further,  the 
Physical  examination  of  the  subjects  prior  to  selec- 
ion  for  the  B.M.R.  tests  did  not  indicate  a  state  of 
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undernourishment.  If  Pelidisi  or  Pirquet  Index  is  any 
indication  of  the  state  of  nutrition  (which  again  is  a 
doubtful  assumption)  the  reported  figures  do  not 
show  any  relation  between  it  and  the  B.M.R.  [Niyogi 
et  al  (1940)].  It  is,  therefore,  a  moot  point  whether 
the  state  of  nutrition  has  been  at  all  responsible  for 
the  low  B.M.R.  of  Indian  subjects. 

(b)  Protein  Metabolism:  Krishnan  and  Vareed 
(1932)  observe  that  the  subjects  who  were  “definitely 
known  to  be”  on  a  high  protein  diet  gave  higher 
B.M.R.  than  those  “known  to  be”  on  low  protein  diet. 
There  is  no  quantitative  information  in  the  paper  to 
enable  one  to  check  the  validity  of  the  above  obser¬ 
vation.  Sokhey  and  Malandkar  (1939)  were  of  the 
opinion  that  the  low  level  of  dietary  protein  in 
Indians  was  responsible  for  their  low  B.M.R.  Here 
again  the  statement  was  unsupported  by  factual 
evidence.  Niyogi,  Patwardhan  and  Sirsat  (1940) 
found  by  diet  survey  methods  the  protein  intake  of 


10  of  their  subjects  to  be  on  an  average  72  gm., 
although  the  average  urinary  nitrogen  was  only 
6-25  gm.  per  24  hours.  The  protein  consumption 
levels  reported  for  American  medical  students  by 
Denis  and  Borgstrom  (1924),  Beard  (1927)  and  Brooks 
(1929)  were  also  of  the  same  order.  Further,  control¬ 
led  feeding  experiments  by  Patwardhan,  RamaSastri, 
Mukundan  and  Tulpule  (1950)  and  Karambelkar, 
Patwardhan  and  Sreenivasan  (1950)  have  shown  that 
low  urinary  nitrogen  values  of  5  to  6  gm.  per  24  hours 
are  obtained  in  Indians  on  an  intake  of  10  to  12  gm. 
nitrogen  daily.  The  significance  of  this  fact  has  been 
discussed  elsewhere.  It  is,  however,  true  that  on  the 
dietary  pattern  obtainable  in  India  the  level  of  pro- 
fein  metabolism  as  determined  by  the  urmary 
nitrogen  excretion  appears  to  be  low.  Patwardhan 
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md  his  associates  have  further  shown  that  by  merely 
hanging  the  pattern  of  protein  mixture  in  the  diet 
vithout  altering  the  total  protein  intake  one  can  bring 
ibout  an  increase  in  urinary  nitrogen.  This  effect  is 
narked  when  vegetable  proteins  are  substituted  to 
>ver  50  per  cent  by  proteins  of  animal  origin.  The 
evel  of  protein  metabolism  then  appears  to  be  higher, 
jut  the  question  whether  such  high  level  of  protein 
netabolism  would  determine  the  level  of  B.M.R.  has 
ret  to  be  settled.  Niyogi,  Patwardhan  and  Sirsat 
1940)  have  demonstrated  that  raising  the  level  of 
)rotein  metabolism  for  short  periods  by  feeding  extra 
jrotein  did  not  raise  the  level  of  B.M.R.  of  ten 
ubjects  studied  by  them.  On  the  other  hand,  there 
s  an  observation  by  Benedict,  Rung  and  Wilson 
1937)  on  88  Chinese,  28  Manchus  and  others  of  the 
Mongolian  race  which  indicates  that  the  level  of 
jrotein  metabolism  may  not  bear  a  direct  relation 
o  B.M.R.  (as  has  been  suggested  by  some  Indian 
vorkers).  These  authors  found  that  although 
he  daily  urine  nitrogen  in  the  Chinese  and  Manchu 
ubjects  was  the  same  as  or  even  higher  than  in 
Americans,  the  B.M.R.  was  distinctly  lower.  This 
vidence  will  have  to  be  borne  in  mind  in  assessing 

he  influence  of  the  level  of  protein  metabolism  on 
l.M.R. 

(c)  Muscular  Relaxation:  Necheles  (1930,  1932) 
ound  that  in  Chinese  there  was  very  little  difference 
1  the  B.M.R.  when  awake  or  asleep.  It  had  been 
emonstrated  before  (Talbot,  1925)  that  there  is  a 
all  of  10  per  cent  in  B.M.R.  when  the  subject  is 
sleep.  This  difference  is  due  to  muscular  relaxation 
uring  sleep,  so  that  heat  production  is  lower  than 
'hen  muscles  are  in  tone  during  waking  hours, 
lason  and  Benedict  (1931)  made  the  suggestion  that 
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one  of  the  causes  for  the  low  B.M.R.  of  Indians  was 
possibly  the  lower  tone  of  muscles  supposed  to  be  due 
to  the  high  environmental  temperature  of  the  tropics. 
Three  years  later  these  authors  (1934)  re-examined  the 
question  and  found  that  under  controlled  conditions 
South  Indian  women  during  sleep  showed  a  fall  of 
10  per  cent  in  the  B.M.R.  They  were  also  of  the 
opinion  that  Necheles  did  not  carry  out  his  observa¬ 
tions  under  ideal  conditions  essential  for  the  study 
of  B.M.R.  during  sleep  and  hence  his  interpretation 
of  his  own  results  was  not  valid. 

(d)  Tropical  Climate:  The  role  of  climate  in 
determining  the  level  of  B.M.R.  has  excited  a  great 
deal  of  controversy.  De  Almeida  (1920)  reported 
that  B.M.R.  of  white  men  in  Brazil  was  16  per  cent 
below  the  American  standards.  Haffekesbring  and 
Borgstrom  (1926)  and  Tilt  and  Waters  (1935)  investi¬ 
gating  the  B.M.R.  of  southern  whites  in  the  U.S.A. 
found  values  distinctly  lower  than  Harris  and  Bene¬ 
dict  and  Aub  DuBois  averages.  On  the  other  hand, 
Williams  and  Benedict  (1928)  who  followed  the 
B.M.R.  of  whites  going  to  the  subtropical  and  humi 
climate  of  Chichen  Itza.  Yucatan,  found  it  unaffec¬ 
ted  by  climatic  changes.  Eight  white  male  residents 
of  Yucatan  gave  a  value  lower  by-6.3  per  cent 
(H  &  B)  whereas  females  gave  normal  results. 

Some  light  is  thrown  on  this  subject  bj  the  stud.es 
of  Mason  (1934.  '94°).  This  author  found  the  B .M.R. 
of  34  American  women  residents  o  .  a 
lit  per  cent  (H  &  B)  and-is-5  per. cent  (A  and 
Du7B).  Nine  of  these  women  were  studied  when  the) 
returned  to  the  U.S.A.,  four  showed  an  increase  o 
10  per  cent  over  their  Madras  values  whereas  in  fi 
others  there  was  no  change.  Three >  Ind^ 

women  were  observed  in  India,  I 
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England.  They  showed  a  difference  of  4-8  per  cent 
only,  the  higher  values  being  recorded  in  the  temperate 
climate.  Mason,  therefore,  is  of  the  opinion  that  the 
tropical  climate  may  be  responsible  for  lowering 
B.M.R.  by  about  5  per  cent.  It  is  worthwhile  to 
remember  that  the  average  B.M.R.  in  64  of  her 
subjects  was  lower  than  H  &  B  standards  by  171  per 
cent.  Thus  even  granting  that  Mason’s  evaluation 
of  the  effect  of  tropical  climate  is  approximately 
correct  the  above  low  values  still  require  a  satisfac¬ 
tory  explanation.  Mason  made  a  very  interesting 
observation  on  the  American  subjects  whose  B.M.R. 
were  refractory  to  climatic  change.  She  found  that 
when  these  subjects  moved  from  the  U.S.A.  to  India, 
they  showed  an  increase  of  0-2  to  o-7°F.  in  mouth 
temperatures  whereas  those  women  who  reacted  by  a 
fall  in  B.M.R.  on  migration  to  tropics  did  not  show 
any  alteration  in  their  mouth  temperature.  Mason  has 
recorded  a  high  degree  of  correlation  between  B.M.R. 
and  mouth  temperature  changes.  In  1940  she  was 
able  to  confirm  these  findings  by  following  the  B.M.R. 
and  mouth  temperature  of  9  English  and  3  American 
women  in  tropics  and  temperate  regions.  It,  there- 
fore,  appears  probable  that  two  types  exist,  one 
reacting  to  tropical  climate  by  a  fall  in  B.M.R.  and 
the  other  refractory.  Martin  (1930)  did  hint  at  the 
possibility  of  existence  of  such  refractory  types.  Scott 
MacGregor  and  Loh  (1941)  later  confirmed  the  exis- 

F,"C„e  °f  ‘"I0  *Uch  tyPes  by  their  observations  on 
Europeans  in  Singapore. 

used  fhUerfr  ^ea;  *he  WOrkers  in  India  have 
used  the  formula  of  DuBois  and  DuBois  (1916)  or 

a  lerthe  nomogram  prepared  from  it.  DuBois  (1936) 
had  compared  his  height-weight  formula  with  the 
hnear  formula  and  had  reported  good  agreement! 


130 


NUTRITION  IN  INDIA 


The  application  of  these  formulae  to  other  races  was 
attempted  by  several  workers.  Takahira  (1925)  who 
compared  the  results  obtained  by  paper  mould  method 
with  the  predictions  of  several  different  formulae 
(e.g.  Meeh,  Lissauer,  Stoltzner  and  Miwa,  Bourchard 
and  DuBois  and  DuBois)  found  the  best  agreement 
with  the  height-weight  formula  of  DuBois  and  DuBois, 
provided  the  constant  G  was  changed  to  72-46,  for 
according  to  him  C  becomes  larger  when  height 
decreases.  Stevenson  (1930)  and  Necheles  and  Loo 
(1932)  found  that  in  Chinese  the  height-weight  for¬ 
mula  gave  higher  results  than  the  linear  formula, 
whereas  McLeod,  Crofts  and  Benedict  (1925)  obtained 
lower  results  with  the  use  of  the  height-weight  for¬ 
mula.  The  above  observations  point  to  a  maximum 
difference  of  3  per  cent  which  cannot  account  for  the 
low  B.M.R.  observed  in  Indians. 

(f)  Race  :  It  is  true  that  significant  differences  on 
both  sides  of  the  Aub  DuBois  and  Harris-Benedict 
standards  have  been  recorded  in  different  races  in 
several  parts  of  the  world.  The  author  hazards  a 
guess  that  the  reasons  underlying  these  differences 
can  only  be  explained  adequately  when  we  under¬ 
stand  much  more  about  the  response  of  the  organism 
to  external  environment  than  we  do  at  the  moment. 
There  is  no  evidence  to  show  that  race  modifies  any 
other  physiological  function  of  the  body  or  even  the 
composition  of  body  fluids  which  are  primarily  con¬ 
cerned  in  maintaining  the  internal  environment  con¬ 
stant.  Hence  it  is  difficult  to  conclude  on  insufficient 
evidence  that  racial  origin  would  determine  by  itself 

the  rate  of  energy  production. 

Other  Considerations:  It  seems  necessary, 
however,  to  point  out  one  fact  to  which  not  sufficient 
attention  has  been  paid.  In  accepting  the  Atwater 


BASAL  METABOLISM 


131 


standards  for  the  calorific  value  of  oxygen  we  are 
assuming  that  the  former  would  be  applicable  to  the 
peculiar  dietary  pattern  on  which  the  population  of 
the  tropics  subsists.  It  has  been  mentioned  by 
Atwater  himself  that  the  values  obtained  by  him 
were  for  the  particular  dietary  patterns  as  they  pre¬ 
vailed  in  Europe  and  America.  Any  gross  alteration 
in  the  former  would  require  re-investigation  of  the 
whole  problem.  It  is  not  implied  here  that  a  recalcu¬ 
lation  of  Atwater  calorie  co-efficients  for  oxygen 
would  account  for  either  the  whole  or  a  large  part  of 
the  differences  between  the  American  and  Indian 
B.M.R.  values.  It  is  suggested,  however,  that  the 
problem  needs  careful  consideration. 

There  are  great  many  gaps  in  our  knowledge 
about  the  B.  M.  R.  of  Indians.  It  is  true  that  the 
investigations  in  different  parts  of  India  have  reveal¬ 
ed  uniformity  in  the  rate  of  energy  expenditure 
in  certain  age  groups.  But  our  knowledge  about 
B.M.R.  of  children  and  of  older  age  groups  of  both 
sexes  in  India  is  fragmentary.  It  is  essential  that 
standards  of  B.M.R.  covering  a  wide  range  of  age 
groups  are  formulated,  for  it  is  clear  that  we  cannot 
use  the  Harris  and  Benedict  or  Aub-DuBois  or  any 
other  standards  in  the  West  for  purposes  of  com¬ 
parison.  In  the  absence  of  relevant  information, 
clinics  and  hospitals  still  continue  to  apply  an  arbi¬ 
trary  figure  for  deviation  from  the  two  best  known 
standards.  It  cannot  be  denied  that  this  state  of 
affairs  is  highly  unsatisfactory  and  ought  to  be  soon 


Apart  from  the  fundamental  considerations  which 
etermme  the  low  basal  energy  expenditure  of 
ndians,  the  problem  of  energy  requirements  is  of 
utmost  practical  importance  to  this  country  where 
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an  acute  overall  food  shortage  is  now  being  felt.  In 
the  first  instance  it  is  necessary  to  find  out  the  deficit 
in  our  total  calorie  supply.  This  itself  is  a  formidable 
task  for  want  of  accurate  information.  Although  we 
have  an  approximate  idea  of  age  and  sex  distribution 
of  the  population  we  have  very  little  information 
about  the  proportion  of  population  engaged  in  diffe¬ 
rent  levels  of  activity.  The  Indian  estimates  for 
total  energy  requirements  of  an  average  adult  male 
engaged  in  eight  hours  of  moderate  physical  activity 
are  in  the  neighbourhood  of  2,600-2,700  calories  per 
day.  Considering  the  average  body  weight  of  an 
Indian  as  55  kg.  the  figure  quoted  above  does  not 
materially  differ  from  an  estimate  recently  made  by 
the  F.  A.  O.  Committee  on  Calorie  Requirements 
(i95o).  Even  the  latter  has  been  arrived  at  on  the 
basis  of  certain  considerations  which  will  have  to  be 
experimentally  tested.  It  is,  therefore,  imperative 
not  only  to  collect  further  data  on  B.M.R.  of  Indians 
of  different  age  groups,  but  also  to  ascertain  experi¬ 
mentally  the  cost  of  different  types  of  work  in  terms 
of  extra  energy  expended.  Any  estimate  regarding 
the  total  energy  requirements  of  Indians  made  in  the 
present  state  of  our  knowledge  will  be  more  in  the 
naturq  of  guesswork  than  based  on  experimental 
observations.  It  is  undoubted  that  energy  metabolism 
presents  very  wide  scope  for  investigation  in  India. 
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CHAPTER  XIV 


DIETS 

TO  A  CASUAL  observer  the  dietaries  of  the  people 
of  the  various  regions  in  India  appear  to  be  materi¬ 
ally  different  in  composition  and  nutritive  value. 
The  differences  which  exist  are,  however,  superficial 
and  originate  in  the  different  methods  of  preparation 
of  various  foods  and  not  so  much  in  the  average 
composition  of  the  diet.  It  cannot  be  denied,  how¬ 
ever,  that  the  former  can  materially  alter  the  nutri¬ 
tive  value  of  foods  and  thus  bring  about  differences 
in  diet  which  should  be  more  deep  seated  than  a 
mere  enumeration  of  foodstuffs  would  indicate.  But 
as  the  discussion  at  a  later  stage  will  show,  cooking 
practices  in  India  are  generally  not  so  drastic  as  to 
make  significant  variations  in  the  nutritive  value 
of  foods  consumed.  Basically  the  dietary  habits 
conform  to  a  certain  well  known  pattern. 

The  information  on  the  Indian  dietaries  has  been 
extensively  collected  only  recently.  The  major  con¬ 
stituents  of  the  diets  and  their  relative  proportions 
were  known  for  a  fairly  long  time.  These  were  taken 
into  consideration  when  formulating  the  dietaries  of 
armed  forces  or  jail  population  by  the  authorities 
under  the  British  regime.  McCay  (1910)  refers  to 
certain  attempts  made  in  the  latter  half  of  the  nine¬ 
teenth  century  to  formulate  dietaries  for  Indian 
prison  population  based  on  Indian  foodstuffs  and  in 
accordance  with  the  dietaries  for  similar  groups  in 
England  The  basis  for  these  attempts  was  the  known 
chemical  composition  of  foodstuffs  with  respect  to 
proteins,  fats,  carbohydrates  and  minerals  only.  The 
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fact  that  in  the  formulation  of  diets  these  were  not 
the  only  factors  to  be  taken  into  account  was  even 
then  realised  as  the  following  quotation  will  show. 
“A  mere  tabular  statement  of  the  several  ingredients 
constituting  the  several  diets  would  be  of  compara¬ 
tively  little  value  unless  accompanied  by  a  statement 
of  their  chemical  composition;  and,  in  order  to  judge 
of  the  comparative  merits- of  dietaries  so  analysed, 
it  is  essential  that  a  clear  conception  should  be 
formed  as  to  what  particular  portions  are  specially 
adapted  to  the  nutrition  of  the  body.” 

In  1881,  Lewis  again  drew  attention  to  the  fact 
that  no  attempts  had  till  then  been  made  to  study  the 
food  requirements  of  the  inhabitants  of  India  “under¬ 
going  laborious  exertion”.  Prison  and  army  diets 
being  the  particular  responsibility  of  the  government, 
the  latter  did  make  attempts  to  bring  the  dietary 
schedule  in  conformity  with  the  prevailing  practices 
in  the  country.  Detailed  information  on  this,  how¬ 
ever,  was  still  wanting  and  in  spite  of  McCay’s  inten¬ 
sive  investigations  on  jail  dietaries  of  Bengal  and 
the  United  Provinces  and  those  of  Macnamara  on 
Punjab  jail  dietaries,  information  on  the  dietaries 
of  the  general  population  remained  only  sketchy. 

In  1923,  Das  studied  the  diets  of  students  in  a  few 
boarding  houses  and  in  1929  Banerji  described  in 
general  diets  in  the  United  Provinces.  The  real  activity 
in  the  field  of  dietary  studies  commenced  after  1930. 
The  fourth  decade  of  the  nineteenth  century  was 
particularly  suitable  for  such  activities.  By  then 
sufficient  information  on  the  role  of  vitamins  and 
some  other  essential  nutrients  in  nutrition  had  accu¬ 
mulated  and  it  had  become  possible  to  assess  scienti¬ 
fically  the  influence  of  diets  on  the  occurrence  of 
certain  diseases  in  the  general  population.  The 
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Health  Organisation  of  the  League  of  Nations  (1936) 
had  taken  great  pains  to  collect  information  on  prac¬ 
tical  aspects  of  nutrition  and  in  doing  so  had  recom¬ 
mended  certain  standards  of  physiological  require¬ 
ments.  These  served  useful  purpose  as  international 
yardsticks  for  comparison  of  the  nutrition  of  the 
people  in  relation  to  their  dietaries.  It  was  soon 
realised  that  these  standards  were  not  necessarily  the 
last  word  on  the  subject;  that  they  were  capable  of 
being  revised  in  the  light  of  further  knowledge  was 
also  recognised.  On  the  other  hand,  this  fact  itself 
prompted  further  studies  on  dietaries  in  regions 
where  some  work  had  already  been  done  and  initi¬ 
ated  such  work  in  regions  where  no  information  on 
diets  existed.  India  came  under  the  latter  category. 
The  interest  of  the  countries  in  the  South-East  Asian 
Region  was  further  aroused  by  the  recommendations 
of  the  Intergovernmental  Conference  of  Far  Eastern 
Countries  on  Rural  Hygiene  which  met  at  Bandoeng 
(Java)  in  1937  under  the  auspices  of  the  Health 
Organisation  of  the  League  of  Nations. 

In  r"dia>  intense  activity  in  the  field  of  nutrition 
ollowed  the  above  conference  and  one  of  the  prob- 
ems  to  which  considerable  attention  was  paid  was 
he  dietaries  of  the  Indian  people.  The  lack  of 

workCH  and  fadUties  rendered  in‘e™ve 

work  difficult  till  much  later.  By  1938,  however  so 

r-,rifeerr of  india  &  be^ss 

'ollected  bv  ASk  1"for",ation  ,aid  d°«'n.  This  was 
Re  u  ts  of  Die/s  ^  FUbHshed  in  his  ‘Note  °» 
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to  this  type  of  work  and  by  1949  nearly  a  thou¬ 
sand  surveys  had  been  made.  It  can  now  be  said 
that  a  reasonable  picture  of  Indian  dietaries  is  avai¬ 
lable.  It  must  be  mentioned,  however,  that  although 
the  later  surveys  have  provided  more  quantitative 
material  they  have  not  provided  data  which  would 
require  appreciable  modification  of  the  main  conclu¬ 
sions  drawn  from  the  first  50  surveys  conducted  up 
to  1938. 

The  technique  followed  in  these  surveys  has  been 
more  or  less  uniform.  The  information  was  collected 


by  house  to  house  visit  by  investigators  who  weighed 
every  day  the  foodstuffs  used  for  the  preparation  of 
meals.  It  has  been  the  experience  that  in  Indian 
houses,  especially  in  those  of  the  poor,  plate  wastage 
is  negligible  for  the  simple  reason  that  the  people,  on 
account  of  their  poverty,  prefer  to  eat  all  that  they 
prepare  for  meals.  Hence  there  has  been  no  need  to 
allow  for  plate  wastage.  Then  again,  food  left  over 
from  one  meal  is  usually  consumed  at  the  next.  If, 
therefore,  the  survey  has  lasted  for  a  week,  it  includes 
all  the  food  thus  consumed.  In  practice,  the  surveys 
have  covered  periods  of  seven  to  twentyone  days. 
The  longer  periods  were  preferred  during  the  easier 
period  of  surveys.  During  the  last  few  years,  how- 
ever,  most  surveys  have  restricted  themselves  to  seven 

t0  T large  number  of  surveys  was  devoted  to  the 
study  of  diets  of  the  poor  people  from  the  rural  areas, 
a  fe3  deal  with  low  income  groups  in  towns  and  sti 
others  with  the  diets  of  the  middle  class  people.  The 
groups  of  population  dealt  with  cover  agriculturists, 
agricultural  labourers,  Harijans  and  backward  ctee  ; 
aboriginal  tribes,  factory  workers,  clerks,  petty  tra 
men  fnd  middle  class  families  of  persons  engaged 
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numerous  other  walks  of  life.  A  great  deal  of  work 
has  also  been  done  on  institutional  diets  as  well.  Full 
details  of  all  diet  surveys  will  be  found  in  Aykroyd’s 
note  referred  to  above  and  in  a  more  recent  publica¬ 
tion  on  the  subject  by  the  Indian  Council  of  Medical 
Research  (1951).  In  Tables  XIV  and  XV  are  given  the 
results  of  a  few  sample  surveys  conducted  on  poor 
people  in  villages  in  different  provinces  and  on 
middle  class  people  in  similar  areas.  The  town  popu¬ 
lation  in  the  low  income  groups  has  strong  roots  in 
1  the  country  and  on  account  of  frequent  migratory 
visits  to  villages  it  keeps  up  its  habits  materially 
unchanged  particularly  with  regard  to  diets.  This 
opinion  has  been  confirmed  by  diet  surveys  carried 
out  in  towns  and  cities. 

Characteristics  of  Indian  Diets  :  The  two  pecu¬ 
liarities  in  the  poor  Indian  diets  which  should  strike 
even  a  casual  observer  are  (a)  the  preponderance  of 
cereals  and  (b)  a  marked  deficiency  in  protective 
foodstuffs.  Both  of  these  features  are  common  in  the 
diets  of  poor  people  irrespective  of  which  part  of  the 
country  they  live  in  or  belong  to.  Small  variations 
m  the  intake  of  individual  foodstuffs  may  be  found 
from  province  to  province  depending  upon  the  price 
and  relative  abundance  of  any  foodstuff,  but  the 
main  pattern  is  undeniably  similar  in  all  the  pro- 
vmces.  The  dependence  on  cereal,  for  energy  pur- 

poses  .s  exaggerated  on  account  of  the  lack  of  other 
oodstuffs  n  the  diet.  Fjgure  y  $hows  £  of  o<her 

dietary  obtain  an  “  permissible)  poor  Indian 

dietary  obtaining  in  pre-war  days. 

the  m.ddle  class  diet  is  relatively  betteHnthlt  his 
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balanced  to  a  certain  extent  whereas  no  such  balance 
exists  in  the  poor  man’s  diet.  In  the  middle  class 
diets  there  is  a  larger  proportion  of  fats,  milk,  flesh 
foods  and  sugar.  All  of  them  are  costly  items  in  the 
diet  and  this  explains  why  they  are  not  included  in 
the  poor  man’s  dietary.  It  must  be  said  that  balan¬ 
cing  of  the  diet  on  the  part  of  medium  or  higher  in¬ 
come  groups  is  instinctive  and  not  necessarily  due  to 
any  studied  attempts  based  on  knowledge  of  nutri¬ 
tional  science.  Similar  has  been  our  experience  in  a 
study  of  dietaries  of  textile  labour  in  Bombay;  Mitra 
(1940)  also  finds  that  with  the  increase  in  income, 
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he  labourers  in  the  iron  and  steel  town  of  Jamshed- 
»ur  adjust  their  dietaries  in  such  a  way  as  to  ensure 
reater  balance  in  the  various  foodstuffs  consumed. 

A  description  of  the  poor  Indian  dietaries  cannot 
e  complete  without  reference  to  the  calorie  intake 
nd  fat  and  protein  content  of  their  diets.  The  com¬ 
ments  which  are  made  below  are  based  on  a  critical 
nalysis  of  139  diet  surveys  carried  out  in  different 
arts  of  India  during  the  years  1931  -  1942.  Only 
wo  diet  surveys  were  conducted  in  1931,  the  remain- 
ig  137  were  reported  between  1937  -  1942.  This 
eriod  was  characterized  by  the  presence  of  a  world 
epression  in  which  the  prices  as  also  the  incomes — 
articularly  of  agriculturists  and  wage-earners— were 
laintained  at  a  low  level.  Although  the  second  World 
^ar  broke  out  in  September  1939*  the  effect  on  prices 
nd  incomes  was  not  felt  in  India,  till  the  second  half 
f  I942>  he.  when  Japan  had  made  a  temporarily  suc- 
essful  bid  for  power  and  was  on  the  eastern  frontier 
f  India.  It  was  only  after  this  that  the  economic  con- 
itions  in  India  started  on  a  headlong  career  of 
lflation  which  as  yet  has  shown  little  sign  of  being 
becked.  The  period  of  1931-1942  is,  therefore,  one 
1  which  the  dietary  studies  reveal  the  influence  of 
overty  on  the  diets  of  the  masses. 

The  material  on  139  surveys  has  been  collected 
urtly  from  published  papers  and  partly  from  some 
npubhshed  reports  available  to  the  author.  In  a  few 
rses  the  information  is  not  complete,  e.g.,  some  re- 

ts  contain  information  on  the  number  of  families 
nt  not  the  number  of  individuals,  others  give  the  nun,. 

imiheser  Th  ‘  n°  menti°n  °f  *he  number  of 
mines.  There  is,  however,  uniformity  in  the  tech¬ 
ie  employed  in  almost  all  of  these  surveys  and 
■e  calculations  of  energy  values  and  nutrias  ’have 
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been  based  on  tables  contained  in  Health  Bulletin 
No.  23.  Thus  the  results  are  comparable  (except  for 
the  two  surveys  conducted  in  1931).  The  following 
table  (Table  XVI)  gives  the  number  of  surveys  accord¬ 
ing  to  the  provinces  and  some  of  the  larger  princely 
states  of  the  then  undivided  India. 


TABLE  XVI— DIET  SURVEYS  IN  INDIA  1931-1942 


PROVINCE  OR  STATE 


Number  of 
Surveys 


Travancore 

Madras 

Mysore 

Coorg 

Bombay 

Baroda 

Hyderabad 

Orissa 

Central  Provinces 

Bengal 

Assam 

Bihar 

United  Provinces 
Delhi  Province 
Punjab 


10 

5 
2 
3 

6 
1 

28 

30 

6 

2 

2 

23 

2 

6 

13 


These  surveys  provide  material  for  over  3,250 
families  comprising  over  14,000  persons.  mce 
area  covered— albeit  unevenly-by  these  surveys  ha 
been  country  wide,  the  interpretation  of  results  h. 
great  value.  One  justification  for  using  these  data 
that  other  writers  have  made  comments  on  diet 1  V 
habits  on  much  less  quantitative  material  available 

to  them. 
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The  above  number  of  diet  surveys  includes  only 
those  that  were  carried  out  on  low  income  groups. 
[These  latter  consist  mainly  of  cultivators,  agricul¬ 
tural  labourers,  and  agriculturists.  In  a  few  ins¬ 
tances,  however,  the  low  income  groups  in  urban 
areas,  such  as  petty  tradesmen,  industrial  labourers 
and  others  have  been  surveyed.  It  is  felt  that 
although  the  information  obtained  from  the  different 
parts  of  India  is  uneven  in  its  incidence,  it  does 
represent  a  cross  section  of  the  dietary  habits  of  the 
Indian  population.  In  any  case  the  surveys  provide 
a  factual  basis  for  the  conclusions  drawn  about  the 
diets  in  India.  All  the  results  are  expressed  in  terms 
of  “man  value”  or  “consumption  units”  calculated 
by  the  use  of  conversion  factors  as  given  in  Health 
Bulletin  No.  23.  It  is  realized  that  this  method  of 
conversion  is  not  free  from  fallacies.  The  require¬ 
ments  of  nutrients  differ  according  to  age,  sex  and 
physiological  stresses  like  pregnancy  and  lactation. 
No  uniform  method  of  conversion  into  “man  value” 
is  likely  to  take  care  of  the  above  differences.  How¬ 
ever,  it  is  felt  that  since  the  present  method  has  been 
largely  adopted  in  India,  the  results  obtained  are 
capable  of  interpretation,  provided  its  limitations  are 
borne  in  mind. 

Calories:  The  average  calorie  intake  calculated 
from  the  available  data  amounts  to  2,560  calories  per 
consumption  unit  per  day.  In  92  surveys  the  calorie 
intake  was  between  2,000  -  3,000  calories  and  in 
28  surveys  it  was  between  3,000  -  4,300  calories  while 
17  surveys  have  recorded  intakes  of  1,100  -  1,500. 
These  last  are  from  extremely  poor  people  who  were 
no  doubt  on  starvation  diets.  The  average  value  of 
2,560  is  low  but  not  very  low  when  one  considers  that 
it  includes  men  and  women  of  all  ages  engaged  in 
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different  states  of  physical  activity  and  children  of 
varying  ages.  Aykroyd’s  estimate  of  energy  require¬ 
ment  for  an  average  Indian  is  2,500  -  2,600  calories. 
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is  noteworthy  that  the  lowest  intakes  have  been 
corded  in  surveys  in  Travancore  and  the  highest 
the  Punjab.  The  distribution  of  the  intermediate 
dues  for  calorie  intake  is  more  or  less  even  through- 
lt  the  country.  It  must  also  be  mentioned  that 
;tween  70  -  80  per  cent  calories,  and  in  some  instance 
ore,  are  derived  from  cereals  and  pulses,  the  latter 
•ntributing  only  a  small  fraction  of  this  portion, 
he  distribution  of  calorie  intake  in  these  surveys  is 
own  in  Figure  VI. 

Proteins:  The  figures  for  proteins  intake  were 
'ailable  in  132  surveys.  These  yield  an  average 
due  of  73  gm.  per  consumption  unit  per  day.  In 
!  of  these  surveys  the  protein  intake  has  been  record- 
I  between  51  and  100  gm.  In  17  surveys,  protein 
msumed  per  day  has  been  shown  to  be  between  20 
id  50  gm.  (Figure  VII).  Several  of  the  latter  values 
irrespond  to  those  surveys  in  which  extremely  low 
lorie  intakes  were  recorded.  The  bulk  of  the  pro¬ 
in  in  Indian  diets  is  derived  from  cereals,  pulses 
id  other  vegetable  sources.  The  relative  figures  for 
limal  protein  consumption  are  not  available  in  all 
e  surveys.  About  40  such  surveys  make  a  mention 
animal  protein  intake,  and  from  these  it  would 
pear  that  on  an  average  about  9  per  cent  of  the 
tal  protein  in  the  diet  could  be  of  animal  origin, 
lis  is  probably  an  optimistic  estimate;  if  the  infor- 
ation  was  available  from  all  the  132  surveys  instead 
only  38,  it  is  likely  that  this  figure  for  animal  pro- 
n  would  have  been  very  much  lower.  That  this 
litement  is  substantially  correct  can  be  seen  by  the 
neral  pattern  of  the  diet  which  contains  extremely 
'all  quantities  of  milk  and  milk  products  and  flesh 
3ds.  Ihus  although  it  cannot  be  said  that  the 
erage  poor  man’s  diet  in  India  is  deficient  or 
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markedly  low  in  proteins,  it  cannot  be  denied  that 
proteins  of  high  biological  value  are  possibly  lacking. 


PROTEIN  "GRAMS 

Figure  VII— Frequency  distribution  of  protein  intake  observed  in  diet  survey* 
on  2,5 14  families  from  different  regions  of  India. 


Fats :  The  average  intake  of  fats  calculated  from 
the  figures  available  in  127  of  the  above  surveys 
amounts  to  23-5  gm.  per  consumption  unit  per  day. 
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rhe  frequency  distribution  of  fat  consumption  as 
scertained  in  these  surveys  is  given  in  Figure  VIII. 


50 

FAT-GRAMS 


If 


,ure  VIII  Frequency  distribution  of  fat  consumption  observed  in  137  diet 
surveys. 


Most  of  the  fat  is  derived  from  the  vegetable  oils 
tdized  for  cooking  purposes  and  a  minor  indetermi- 
able  fraction  derived  from  milk  and  milk  products, 
n  absence  of  any  reliable  information  regarding  the 
equirements  of  fat,  it  would  be  hasty  to  pronounce 
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this  figure  as  low.  Considering,  however,  that  an 
increased  intake  of  nutritious  foods  such  as  milk  and 
milk  products  or  meat,  fish  and  eggs  improves  the  fat 
content  of  diets,  it  must  be  admitted  that  the  observ¬ 
ed  average  fat  intake  gives  an  additional  proof,  if  any 
is  needed,  of  the  poor  quality  of  the  diet  consumed 
by  the  Indian  masses. 

A  similar  analysis  to  obtain  figures  for  mineral 
and  vitamin  intake  has  not  been  attempted.  Firstly, 
not  enough  detailed  information  is  available  in  most 
of  the  diet  surveys  and  secondly,  even  if  it  were  avail¬ 
able,  the  enormous  amount  of  calculation  work  in¬ 
volved  would  have  merely  confirmed  the  conclusions 
about  the  dietary  defects,  which  are  self-evident  in 
the  Indian  diets.  A  few  comments  on  both  these 
classes  of  nutrients  will  not  be  out  of  place  even 
though  the  statements  made  will  not  be  supported 
by  figures. 

Minerals:  The  relation  between  minerals  in 
diets  and  the  health  of  the  population  will  be  des¬ 
cribed  elsewhere  in  this  book.  In  North  India  in  the 
Sub-Hirnalayan  region  endemic  goitre  is  present  and 
its  association  with  iodine  deficiency  has  been 
demonstrated.  In  Kangra  Valley  in  the  Punjab,  the 
diets  are  deficient  in  calcium  and  phosphorous 
together  with  other  nutrients  and  their  effect  on  the 
incidence  of  rickets,  tetany  and  osteomalacia  is 
referred  to  in  another  chapter.  The  occurrence  of 
microcytic  hypochromic  anaemia  responding  to  iron 
therapy  demonstrated  in  labour  recruited  for  Assam 
tea  gardens  and  more  recently  in  recruits  drafted  for 
the  Indian  Army  during  1939-1945  gives  an  indication 
of  iron  deficiency  in  the  diets.  The  considerably  low 
consumption  of  vegetables  and  fruits  or  milk  is  res¬ 
ponsible  for  deficiency  in  mineral  components  of  the 
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diet.  The  large  amounts  of  cereals  provide  phos¬ 
phorous  chiefly  in  the  form  of  phytin,more  than  half 
jf  which  is  unavailable  to  the  human  body  and  which 
also  interferes  with  the  absorption  of  calcium  and 
magnesium  due  to  the  insolubility  of  the  salt.  All 
these  considerations  lead  to  the  conclusion  that  the 
poor  Indian  diets  must  have  a  low  grade  deficiency 
af  more  than  one  mineral  nutrient. 

Vitamins:  For  reasons  mentioned  in  the  last 
Daragraph,  the  vitamin  content  of  the  poor  Indian 
diets  must  also  be  considered  to  be  inadequate.  This 
nay  not  be  true  of  all  diets.  In  rice  diets  a  possibi- 
ity  of  thiamine  deficiency  does  exist  but  thanks  to 
he  practice  of  parboiling,  the  danger  is  considerably 
educed.  Beri  beri  has  been  recorded  in  those  rice 
mating  regions  where  people  do  not  consume  parboil- 
:d  rice.  In  wheat  or  millet  eating  people  of  India, 
hiamine  deficiency  is  not  likely  to  occur  and  has 
)een  observed  only  rarely.  The  evidence  regarding 
iboflavin  and  nicotinic  acid  deficiency  is  discussed 
:lsewhere.  One  of  the  commonest  deficiencies  is 
:xpected  to  be  that  of  vitamin  A.  The  diets  do  not 
ontain  enough  preformed  vitamin  A  and  in  a  majo- 
Jty  of  cases  the  carotenoid  content  is  also  low.  Now 
tnd  then,  the  specific  deficiency  symptoms  are  seen  in 
he  child  population.  On  the  whole,  however,  it  will 
)e  safe  to  assume  that  in  this  respect  also  there  is 

ationChr°niC  defidency  existing  among  the  popu- 


„’he.fect  of  War  a”(1  Post-War  conditions  oi 
dian  Diets:  As  mentioned  earlier  in  this  Chaptei 

iTte'r  half  o  H  W"  "  ^  ‘°  be  felt  in  th< 

oodstuffl  h  year  I942'  SinCC  ,hen  the  P™es  o 
tuffs  have  continuously  risen  together  with  thosi 

her  commodities  and  although  the  incomes  havt 
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also  increased,  the  latter  have  not  been  commensur" 
ate  with  the  general  increase  in  prices.  The  price 
levels  of  different  foodstuffs  have  increased  from  400 
to  500  per  cent  over  those  existing  in  1939.  This  fact 
coupled  with  the  general  shortage  of  food  supplies 
has  had  an  adverse  influence  on  the  diets  of  the  poor 
people.  Recent  diet  surveys  have  shown,  however, 
that  in  rural  areas  the  same  types  of  diets  are  being 
consumed  as  before  the  war,  there  being  little  evidence 
of  cereal  shortage.  On  the  other  hand  in  urban  and 
semi-urban  areas  calorie  intake  has  decreased  owing 
to  the  fact  that  cereals  are  rationed  and  the  amounts 
procured  by  different  provincial  governments  plus 
those  allotted  by  the  Central  Government  are  not 
enough  to  provide  even  14  ounces  per  head  as  re¬ 
commended  by  the  Nutrition  Advisory  Committee. 
Substitute  foodstuffs  are  also  in  short  supply  and  are 
costly.  There  has  been,  therefore,  an  undoubted 
deterioration  in  the  quality  of  diets.  This  deteriora¬ 
tion  has  been  more  marked  among  the  lower  middle 
and  middle  classes  of  population,  particularly  the  peo¬ 
ple  with  salaried  incomes,  for  their  incomes  have  not 
proportionately  increased.  The  income  of  industrial 
labour  has  gone  up  by  100  to  200  per  cent  over  the 
pre-war  level,  whereas  the  maximum  increase  in 
salaried  workers  of  the  middle  class  cannot  be  said  to 
have  exceeded  20  per  cent. 
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CHAPTER  XV 


NUTRITION  SURVEYS 

ALONG  WITH  the  diet  surveys  reported  in  the  last 
chapter,  nutrition  surveys  were  also  carried  out 
simultaneously.  The  criteria  which  were  used  in 
evaluating  the  nutritional  status  between  the  years 
1937  and  1942  were  rather  crude.  The  emphasis  was 
mainly  on  heights  and  weights,  general  appearance 
and  presence  of  signs  and  symptoms  of  deficiency 
states.  The  newer  biophysical  and  biochemical  tech¬ 
niques  were  then  not  sufficiently  developed  and  known 
to  Indian  workers.  Even  where  the  investigators 
were  aware  of  them,  their  use  was  precluded  on 
account  of  the  lack  of  equipment  and  staff*.  In  a  few 
surveys  the  applicability  of  indices  like  Franzen  and 
Palmer’s  A.C.H.  index,  Knudsen-Schiotz  index,  etc. 
was  tested.  On  the  whole,  however,  these  indices  did 
not  find  much  favour  with  the  field  investigation  staff 
in  India. 

The  records  of  most  nutrition  surveys  cover  more 
or  less  the  bare  essentials  which  are  often  insufficient 
for  the  object  of  proper  assessment  of  nutritional 
status.  In  spite  of  these  handicaps,  however,  the 
information  which  has  been  collected  has  proved  of 
value  in  comparing  certain  physical  characteristics  of 
children  and  the  incidence  of  nutritional  deficiencies 
in  different  parts  of  the  country.  It  is  our  intention, 
therefore,  to  deal  with  some  important  aspects  under 
the  following  heads:  (a)  growth  in  childhood  and 
adolescence  and  (b)  the  incidence  of  nutritional 
deficiency. 
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GROWTH  IN  CHILDHOOD  AND  ADOLESCENCE 

Height,  Weight  and  Age:  Since  much  of  the 
work  has  been  done  on  school  children  the  data  for 
height,  weight  and  age  for  a  narrow  age  range  only 
are  available.  In  most  surveys  the  recorded  observa¬ 
tions  commence  with  the  age  group  of  five  years  and 
conclude  with  that  of  sixteen  years,  but  at  both  ends 
of  the  scale  the  number  of  children  is  not  large  and 
hence  it  becomes  difficult  to  find  a  suitable  basis  for 
comparison  of  the  figures  reported  from  different 
parts  of  India. 

The  observations  on  heights  and  weights  of  boys 
and  girls  are  spread  over  the  different  provinces  as 
follows: 


STATE 

Boys 

Girls 

Madras 

1,858 

1,548 

f  Telangana 

8,379 

Hyderabad  ^ 

Marathwada 

5,054 

_ __ 

Orissa 

1,167 

Bengal 

331 

385 

Assam 

836 

755 

Bihar  ^ 

1,563 

360 

United  Provinces 

969 

Delhi 

1,310 

Punjab 

1,591 

— 

Total 

23,058 

3,048 
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It  should  strike  even  a  casual  observer  that 
the  data  are  pitifully  inadequate.  Figures  for  girls  are 
almost  negligible.  Even  for  boys  where  larger  num¬ 
ber  of  observations  are  at  hand  the  samples  are 
so  uneven  in  proportion  to  the  general  population 
and  in  each  single  instance  are  derived  from  such 
restricted  localities  within  each  region  that  one  can 
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-Heigh,,  of  boy,  aged  a  to  .6  year,  from  different  region,  of  India. 
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hardly  consider  them  representative  of  the  region. 
The  heights  and  weights  according  to  age  are  plotted 
in  Figures  IX  and  X.  From  the  charts  it  becomes 
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igure  X-Weights  of  boys  aged  j  ,6  years  from  different  regions  of  India. 

clear  that  at  no  age  between  five  and  fourteen  years 
he  weights  of  boys  from  any  of  the  regions  in  India 

AbPrn°haCh  thCf  «r!fh  °r  American  reported  by 

Abrahams  and  W.ddowson  (1940).  On  the  other  hand! 

the  heights  of  the  English  and  American  children  at 
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five  and  six  years  are  close  to  the  highest  Indian 
figure  recorded  for  children  in  Bihar.  At  later 
ages  the  increase  in  height  in  the  former  group  is 
more  rapid  and  diverges  appreciably  from  the 
height  of  Indian  children.  The  height-weight 
charts  also  show  that  among  Indian  children  there 
is  a  large  spread  of  values  at  each  age,  the  maxi¬ 
mum  difference  in  weights  may  be  up  to  15  lbs. 
and  in  height  up  to  7".  Further,  it  does  not  appear 
as  if  there  was  a  definite  order  of  increasing  height 
and  weight  for  each  age  in  which  children  from 
different  Indian  regions  could  be  arranged.  On  the 
whole,  however,  it  can  be  said  that  Bihar  and  Punjab 
are  nearer  the  upper  end  of  the  region  whereas  Te- 
langana  (Nizam),  Madras  and  Assam  are  near  the 
lower  end.  Most  of  them,  however,  occupy  different 
relative  positions  in  different  age  groups.  In  addition 
to  the  data  presented  above,  there  exist  others  col¬ 
lected  by  Wilson  and  Widdowson  (1942)  in  Punjab 
(5,969  children),  and  Central  Provinces  and  Orissa 
(2,599  children).  The  former  represented  a  wheat 
eating  region  and  the  latter  a  rice  consuming  area  of 
India.  The  authors  report  that  among  the  Punjabis, 
Hindu  children  tend  to  be  lighter  and  shorter  than 
Muslim  and  Sikh  children  of  the  same  age.  The 
authors  believe  that  the  differences  may  be  racial  and 
not  dietetic.  This  may  be  partly  true  although  not 
strictly  so.  The  population  in  the  north  of  India  is 
derived  from  the  various  tribes  and  peoples  migrating 
to  India  by  the  north-western  route  beginning  with 
Aryans  to  the  latest  invaders  from  the  Muslim  coun¬ 
tries  from  Turkey  down  to  Afghanistan.  Conse- 
quently,  there  has  been  a  mixture  of  all  these  racial 
groups  and  it  is  indeed  a  bold  person  who  would  attri¬ 
bute  the  existence  of  different  racial  characteristics 
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nong  the  Indian  people  belonging  to  different 
iligions  in  India.  Further,  the  comparative  figures 
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given  by  Wilson  and  Widdowson  for  wheat  eating 
Hindus  of  Punjab  and  rice  eating  Hindus  of  Central 
Provinces  and  Orissa  are  so  close  that  they  hardly 
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upport  the  racial  hypothesis  advocated  by  these 
tuthors  to  explain  the  height  and  weight  differences, 
"he  actual  growth  curves  for  these  two  groups  are 
;iven  in  Figures  XI  and  XII.  There  appears  to  be  hardly 
ny  significant  and  consistent  difference  in  the 
eights  and  weights  of  boys  from  Punjab  and  Madhya 
'radesh  (Central  Provinces)  and  Orissa. 

From  the  data  presented  till  now  it  is  extremely 
lifficult  to  make  any  generalisations  regarding  the 
lifferences  in  heights  and  weights  of  children  from 
ifferent  Indian  regions.  A  tentative  conclusion  may, 
owever,  be  recorded  that  children  in  the  north  ap- 
ear  to  be  taller  and  heavier  than  children  from  the 
eninsular  region.  It  is  necessary  to  collect  much 
irger  body  of  data  before  the  above  conclusion  can 
e  considered  to  be  fully  proved.  Among  the  factors 
>hich  would  determine  these  differences  must  be  con- 
dered  race  and  heredity  and  diets.  It  is  not  known 
3  what  extent  one  or  all  of  these  are  operative.  It 
mst  not,  however,  be  concluded  that  the  low  height 
nd  weight  are  indicative  of  inhibited  growth.  This 
iay  be  true  to  a  certain  extent  but  not  wholly  so. 
f  malnutrition  played  a  significant  part  in  one  part 
f  the  country  and  not  in  another,  the  effect  should 
ecome  manifest  when  weights  are  compared  against 
eights  for  similar  age  groups.  Such  a  comparison  is 
lustrated  in  Figure  XIII,  from  which  it  will  become 
ear  that  weights  cluster  in  a  narrow  region  along  a 
Urve  Passing  through  largest  number  of  points.  For 

LTeHrirSOnFthe,WuightS  a§ainSt  hdShts  are  similarly 
lotted  fo.  English  and  American  boys,  in  whom  the 

eight  for  any  g.ven  height  is  distinctly  higher  indi- 

*tmg  beyond  doubt  that  the  English  and  America 

oys  are  heavier  for  the  same  height  than  the  Indian 

Vn  may  be  reasonable  to  conclude  that  the 
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better  type  of  dietary  in  England  and  America  is 
probably  responsible  for  the  higher  weights,  but  so 
far  as  the  different  regions  in  India  are  concerned 
the  factors  influencing  weight  in  relation  to  height 
operate  in  the  same  way  whatever  they  may  be. 
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Skeletal  growth:  Apart  from  the  records  of 
heights  and  weights  of  children  of  school  age,  referred 
to  above,  there  are  very  few  observations  on  the 
normal  growth  of  Indian  children.  Some  studies  of 
limited  significance  are  available  on  the  union  of  epi¬ 
physes  in  boys  and  girls.  Hepworth  (1929)  examined 
63  children  in  Ferozepore,  Punjab,  and  concluded 
that  in  Indian  boys  and  girls  the  union  of  epiphyses  of 
the  long  bones  took  place  2}  to  3  years  earlier  than 
in  English  and  American  children.  Galstaun  (1930) 
examined  101  girls  in  Bengal  and  placed  the  age  of 
union  3  to  4  years  earlier  than  in  European  girls. 
Lall  and  Townsend  (1939)  examined  125  girls  at 
Lucknow  (Uttar  Pradesh)  and  gave  the  following  ages 
for  the  union  of  epiphyses: 


Age  at  Union 


Years 


Humerus,  lower  end 


14-15 

15 

16 
15 
19 
19 


Me  dial  epicondyle 
Radius,  upper  end 
Ulna,  upper  end 


Radius,  lower  end 
Ulna,  lower  end 


Ledger  and  Wasson  (1941)  examined  189  boys  and 
49  girls  of  proved  age  in  the  North-West  Frontier 
Province.  They  observed  that  in  girls  the  union  of 
epiphyses  took  place  earlier  than  in  boys  and  that  in 
both,  the  age  of  union  was  lower  than  that  obtaining 
in  European  and  American  children. 

Teeth:  Shourie  (1946)  has  compared  the  erup¬ 
tion  age  of  teeth  in  Indian  and  American  hrwc  Wic 
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eruption  age  between  these  two  groups.  The  com¬ 
bined  data  have  been  compared  with  the  American 
figures  and  are  given  in  Table  XVII. 


TABLE  XVII— ERUPTION  AGE  OF  TEETH 

IN  INDIA 

I 

TOOTH 

Eruption  age  in  years 

Indian 

American 

Central  Incisor 

... 

7-10 

7-34 

Lateral  Incisor 

... 

7-88 

8-38 

Canine 

... 

10-87 

11-42 

1st  Premolar 

... 

10-50 

10-21 

2nd  Premolar 

... 

11-57 

11-00 

1st  Molar 

•  •• 

6-48 

6-59 

2nd  Molar 

... 

11-79 

12-55 

Unless  some  more  data  become  available  it  is 
difficult  to  evaluate  the  significance  of  the  small 
differences  to  be  noticed  between  the  ages  in  columns 

2  and  3. 

The  above  discussion  should  make  it  clear  that 
plenty  of  information  on  different  aspects  of  child 
growth  is  needed  before  any  idea  of  normal  growth 
in  Indian  children  can  be  obtained. 


nutritional  status  of  children 
In  the  early  days  the  only  method  of  determi¬ 
nation  of  nutritional  status  used  all  over  the  world 
was  clinical,  based  on  the  considerations  of  height  and 
weight  in  relation  to  age,  muscle  tone,  carnage  and 
«ait.  subcutaneous  fat,  and  the  colour  of  mucous  mem¬ 
branes.  The  interpretation  of  the  results  of  sue 
clinical  examination  is  extremely  difficult  and  has  been 
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criticized  from  time  to  time  by  various  experienced 
workers  among  whom  may  be  mentioned  Kruse 
(i943)>  Dann  and  Darby  (1945)  and  Sinclair  (1948).  In 
the  absence  of  any  specific  criteria  by  which  to  judge 
the  deviation  from  normal  nutriture,  the  clinicians 
used  to  record  their  impressions  in  terms  of  good, 
fair  and  poor.  Later  studies  revealed  that  certain 
clinical  signs  and  symptoms  could  be  specifically  as¬ 
cribed  to  deficiencies  of  particular  nutrients.  The 
records  of  manifest  signs  and  symptoms  of  deficiency 
states  began  to  be  included  in  nutrition  survey  sche¬ 
dules.  Conditions  like  xerosis  of  conjunctiva,  Bitot’s 
spots,  xeroderma,  phrynoderma,  angular  stomatitis, 
red  raw  or  pale  glazed  atrophic  tongue,  stigmata  of 

past  rickets,  etc.  were  a  few  which  received  special 
attention. 

Apart  from  these,  several  anthropometric  measure¬ 
ments  were  usually  taken  and  indices  calculated  to 
yield  some  information  on  nutriture.  The  authors 
above  referred  to  have  discussed  in  detail  the  inade¬ 
quacy  of  anthropometric  indices  for  such  work.  We 
find  it  unnecessary  to  go  over  the  same  ground. 

r  a ?  technique  Of  nutrition  surveys  as  used  in 
India  has  undergone  changes  in  parallel  with  those 

ctnicTl  iC  -fihere'  ThCre  Were  Periods  wl>en  mere 
swav  "!aSSlfica‘lc;"  lnt0  g°°d>  and  poor  held 

pometrv  as$  °Wed  by  the  ad°Ption  of  anthro- 

P  metry  as  an  aid  to  assessment  of  nutriture  An 

methods' o0/6  reCCnt]y>  biophysical  and  biochemical 
methods  of  assessment  have  been  brought  into  use. 
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but  are  restricted  to  certain  well  equipped  labora¬ 
tories  only.  The  routine  nutrition  surveys  in  India 
have  mainly  depended  upon  clinical  appraisal  of  the 
general  condition  together  with  the  recording  of 
signs  and  symptoms  of  nutritional  deficiencies.  The 
validity  of  the  latter  as  a  means  of  assessing  nutriture 
has  been  rightly  questioned  by  Sinclair  (1948).  The 
Committee  on  Nutrition  of  the  British  Medical  Asso¬ 
ciation  (1950)  has  also  taken  the  same  view.  Although 
it  is  true  that  the  early  clinical  manifestations  like 
folliculosis,  angular  stomatitis,  changes  in  gums,  etc., 
are  likely  to  be  due  to  more  than  one  deficiency  or 
ev3tjn  due  to  ncwa-nutritional  causes,  it  is  not  less  true 
that  some  of  these  conditions  in  India  are  so  typical 
and  have  so  often  been  proved  by  therapeutic  tests 
as  being  specific  nutritional  deficiencies,  that  one  may 
be  justified  to  a  certain  extent  in  including  them  as 


evidences  of  the  latter. 

It  is  extremely  difficult  to  judge  the  nutritional 
significance  of  the  clinical  classification  of  children 
into  good,  fair  and  poor  without  the  knowledge  of 
criteria  used  by  the  various  investigators.  Certain 
workers  in  India  tried  to  correlate  their  clinical  im¬ 
pressions  with  anthropometric  indices.  Aykroyd 
Madhava  and  Rajagopal  (1938)  tested  Franzen  and 
Palmer’s  (1934)  A.C.H.  index  on  4,136  boys  and  510 
girls  in  South  India.  They  found  that  in  a  large 
number  of  children  the  sum  of  the  arm  girth,  mea¬ 
sured  flexed  and  extended,  was  smaller  than  the  sum 
of  anteroposterior  diameters  of  expanded  and  con¬ 
tracted  chest;  besides,  the  intertrochanteric  distance 
in  60  per  cent  of  the  children  examined  was  smaller 
than  20  cm.  The  authors  conclude  that  if  Pro™10“  “ 
made  for  lower  hip  width  and  lower  values  of  G,  the 
modified  A.C.H.  index  could  be  applied  to  South 
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Indian  children  between  6  and  13  years.  Wilson, 
Ahmad  and  Mitra  (1937)  examined  3,000  boys  in 
Calcutta  and  1,250  in  Ferozepore,  Punjab.  In  Cal¬ 
cutta,  they  found  poor  correlation  between  the 
“selected”  children  and  the  malnourished  as  deter¬ 
mined  clinically.  Although  in  Punjab  the  results 
were  more  encouraging,  the  authors  do  not  seem  to 
be  altogether  satisfied  with  the  utility  of  the  index. 
They,  however,  recommend  further  work  on  the  pro¬ 
blem.  Some  other  authors  have  also  used  the  A.C.H. 
index,  and  although  all  of  them  appear  doubtful 
about  its  utility  none  except  Aykroyd  et  al  (loc.  cit) 
has  suggested  any  modifications.  The  experience  of 
these  other  authors  confirmed  the  earlier  findings 
that  in  Indian  children  as  a  whole  there  was  little 
correlation  between  “selection”  by  A.C.H.  index  and 
the  occurrence  of  malnutrition  as  judged  by  gross 
clinical  manifestation.  It  is  not  surprising  that  the 
index  has  fallen  into  disuse  so  far  as  the  nutrition 
survey  work  in  India  is  concerned. 

Mitra  (1941  and  1942)  examined  approximately 
four  thousand  children  to  determine  their  nutriture 
by  Knudsen-Schiotz  index  (Bigwood,  1937)  and  com¬ 
pared  the  results  with  those  obtained  by  clinical 
examination.  For  the  purposes  of  the  index  the  con¬ 
tinuity  and  straightness  of  the  dorsal  median  furrow 
is  examined,  for  it  is  believed  that  in  malnourished 
children  the  furrow  is  broken  and  is  unduly  sinuous. 
In  1,521  children  in  Jharia  coal  fields,  Mitra  observed 
that  the  index  selected  a  larger  number  of  children 
as  malnourished  than  could  be  determined  by 
clinical  examination.  In  another  batch  of  2,000 
children  in  Singhbhum  district  he  obtained  quite 

nH  °Tiite  reSUltS'  ThuS  the  aPPHcation  of  this 
index  did  not  carry  the  solution  of  the  problem 


168 


NUTRITION  IN  INDIA 


of  determining  nutriture  by  anthropometry  any 
further. 

Kurulkar  (1948)  has  recently  examined  the  pro¬ 
blem  from  another  angle;  he  has  tried  to  correlate 
the  foot  length,  pelvic  width  and  stature  in  an  erect 
human  body  in  an  attempt  to  find  a  rough  measure  of 
volume  for  a  normal  body.  His  index  called  the  G 
index  is  based  on  the  following  formula: 


2  x  Weight  in  grammes 


Stature  in  cm.  x  Foot  in  cm.  length  x  Pelvic  width  in  cm. 


=  G 


In  short  it  was  an  attempt  to  correlate  volume  with 
body  weight.  The  values  of  G  varied  from  0.7  to  1-54 
and  showed  a  good  fit  between  4  to  22  years  with  a 
parabolic  curve  of  the  formula  Y  =  0-45  x  X1  c  where 
Y  =  C  index  and  X  age  in  years.  Kurulkar’s  observa¬ 
tions  cover  5,789  individuals  between  4  and  25  years. 
The  G  index  of  individuals  clinically  graded  poor 
(independently  by  two  medical  examiners)  was  below 
that  of  the  normals.  Kurulkar  further  develops  the 
idea  of  determining  a  myotrophic  index  which  is 
obtained  by  applying  age  and  adiposity  correction  to 
the  C  index.  Adiposity  is  determined  by  measuring 
the  thickness  of  the  skin  of  the  anterior  axillary  fold. 
The  conception  is  attractive  and  should  appeal  to 
those  who  believe  in  the  application  of  somato- 
metric  indices  to  determine  nutriture. 

In  our  opinion,  the  surveys  which  have  recorde 
certain  signs  and  symptoms  of  deficiency  states  have 
given  more  information  on  the  prevalence  of  malnu- 
frition  in  India  than  the  anthropometric  studies. 
Bitot’s  spots,  phrynoderma  and  angular  stomaU  .s 
have  been  recorded  in  most  surveys  earned  out  bet 

ween  1017  and  1942  and  hence  a  comparison  of  the 
incidence  of  these  conditions  is  instructive. 


NUTRITION  SURVEYS  1Dy 

Figure  XIV  is  shown  the  comparative  incidence  of 
these  conditions.  It  would  be  hazardous  to  generalise, 
but  the  fact  does  strike  one  that  as  one  proceeds  from 
south  to  north  the  incidence  of  Bitot’s  spots  decreases, 
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Figure  XIV-  Incidence  of  certain  nutritional  deficiency  conditions  in  India 
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it  is  the  highest  in  Travancore  and  lowest  in  Punjab. 
If  there  were  available  proofs  from  the  diet  surveys 
that  deficiency  of  vitamin  A  in  diets  progressively 
decreased  from  south  to  north,  one  could  find  an 


explanation  for  these  observations.  The  dietary  habits 
and  the  comparatively  larger  consumption  of  milk  and 
milk  products  in  the  north  would  suggest  such  a  possi¬ 
bility  and  this  aspect  is  well  worth  further  exploration. 

From  the  year  1943  onwards  the  food  situation  in 
India  has  progressively  worsened  and  its  effect  has 
been  seen  in  the  dietaries  of  the  people.  Although 
there  has  not  been  much  difference  in  the  consump¬ 
tion  of  cereals,  that  of  protective  foodstuffs  has 
materially  suffered  and  it  is  but  inevitable  that  mal¬ 
nutrition  should  have  been  on  the  increase.  Records 
of  nutrition  surveys  for  the  post-war  period  on  an 
extensive  scale  are  not  yet  available  for  comparison, 
a  few  examples  may,  however,  be  referred  to.  Table 
XVIII  includes  the  information  gathered  from  repeat 
surveys  in  certain  localities. 


TABLE  XVIII— THE  INCIDENCE  OF  DEFICIENCY 


Locality  and  Year  ■ 

Number 

Surveyed 

Phryno- 

derma 

% 

Angular 

Stomatitis 

% 

Bitot’s 

Spots 

% 

COONOOR  * 

1937 

777 

8-6 

8-7 

2-1 

1949 

566 

200 

10 

3-4 

ORISSA  f 

1942 

11,601 

14-6 

16-5 

Xerosis 

% 

2-7 

1945 

7,711 

4-1 

14-6 

2-7 

1947 

0 

0  1 

8-0 

7-0 

7-8 
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The  picture  presented  by  the  above  data  is  not 
only  confusing  but  probably  misleading  owing  to  the 
fact  that  the  nutrition  surveys  todate  have  laid  too 
much  stress  on  recording  only  a  few  manifestations  of 
malnutrition  excluding  others  and  the  information 
obtained  from  diet  surveys  does  not  necessarily  indi¬ 
cate  why  the  shift  in  incidence  of  the  three  conditions 
mentioned  above  should  have  taken  place. 

The  Indian  nutrition  workers  as  a  whole  were  not 
satisfied  with  the  methods  according  to  which  the 
nutrition  surveys  were  being  carried  out.  In  1948, 
the  Nutrition  Advisory  Committee  of  the  Indian  Re¬ 
search  Fund  Association  considered  the  problem 
afresh  and  formulated  three  schedules  for  the  surveys. 
These  were  intended  for  (1)  Rapid  Nutritional  Sur¬ 
veys,  (2)  Routine  Nutritional  Surveys  and  (3)  Nutri¬ 
tion  Surveys  supported  by  laboratory  investigations. 
These  schedules  are  still  on  trial  and  it  is  too  early  to 
say  if  they  would  prove  satisfactory.  For  details 
about  these  schedules  the  reader  may  consult  the 
published  reports  of  the  17th  and  18th  meetings  of 
the  Nutrition  Advisory  Committee. 

In  Europe  and  America,  finer  techniques  such  as 
lomicroscopical,  biophysical  and  biochemical  me¬ 
thods  are  being  evolved.  The  work  of  Kruse,  on  the 
one  hand,  and  Bessey  and  Lowry  on  the  other  has 
a  ded  a  great  deal  to  our  knowledge  of  morphologi- 
cal  and  biochemical  changes  in  early  deficiency  states 
although  the  significance  of  the  former  has  been 
seriously  questioned  and  that  of  the  latter  can  only 
be  judged  by  further  work.  One  practical  consider^ 
at.on  has  prevented  their  application  in  India  to 
nutrition  Studies.  Apart  from  the  controversy  raging 
around  Kruse’s  interpretation  of  u-  .  ^ 

ings  the  fart  that  .  Ipretatlon  of  biomicrospic  find- 
g  ,  the  fact  that  in  any  part  of  India  there  is  always 
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an  appreciable  proportion  of  child  population  show¬ 
ing  manifest  signs  of  deficiency  has  made  it  unneces¬ 
sary  to  resort  to  finer  techniques.  The  deficiency 
conditions  literally  stare  in  one’s  face  in  any  survey 
on  school  children  and  hence  it  becomes  a  luxury  to 
utilise  more  elaborate  and  time  consuming  methods 
than  a  careful  clinical  appraisal. 

The  time  is  yet  far  off  when  the  clinical  appraisal 
will  fail  to  give  information  about  the  extent  of  mal¬ 
nutrition  making  it  necessary  for  workers  in  India  to 
resort  to  laboratory  methods.  This  is  not  to  decry 
the  usefulness  of  the  newer  methods.  It  should  be 
understood  that  our  problem  at  present  is  not  so 
much  the  diagnosis  of  latent  and  potential  deficiency 
states  as  it  is  to  prevent  manifest  deficiency  disease 
from  occurring  as  widely  as  it  does. 

In  spite  of  these  considerations  some  workers  in 
India  have  studied  early  deficiency  states  and  their 
work  on  dark  adaptation  and  vitamin  A  status,  satu¬ 
ration  and  dermal  tests  for  vitamin  C  nutrition, 
excretion  of  thiamine  and  riboflavin  in  deficiency 
states,  etc.,  should  bear  testimony  to  the  fact  that 
latent  and  potential  deficiency  conditions  are  not 
being  altogether  neglected. 
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CHAPTER  XVI 


BLOOD 


Till  RECENTLY  there  was  very  little  information  on 
normal  haematological  standards  for  the  Indian 
population.  Although  there  was  little  reason  to  be¬ 
lieve  that  in  the  normal  healthy  Indians  the  values  i 
would  materially  differ  from  those  obtained  by 
workers  in  Americans  and  Europeans,  it  was  desir¬ 
able  to  have  figures  available  for  the  Indian  popula¬ 
tion.  Some  workers  in  India  realised  the  importance 
of  this  subject  and  undertook  studies  to  establish  the 
normal  range  of  values.  Among  them  must  be  men¬ 
tioned  Napier  and  his  school  at  Calcutta  who  did 
much  to  establish  standards  in  Bengal  by  using  relia¬ 
ble  methods.  Sokhey  and  his  colleagues  also  collected! 
some  valuable  information  in  Bombay.  Later  studies 
in  other  parts  of  India  showed  that  there  was  little 
difference  in  the  average  red  cell,  haemoglobin, 
packed  cell  volume,  and  total  and  differential  leuco¬ 
cyte  counts  obtained  in  the  normal  healthy  Indians 
of  comparable  age  groups  in  any  part  of  India,  pro¬ 
vided  of  course,  the  environmental  conditions  were 
such  as  not  to  affect  any  of  these  values  materially 
Tn  Table  XIX  are  given  the  results  of  several  sue! 
studies.  Haematological  constants  in  the  table  ave 
been  calculated  from  the  data  in  a  few  cases  where 

the  authors  have  not  provide"!  them,  in  th, 

The  table  reveals  some  minor  differences 

t  values  For  both  men  and  women  there 
different  values.  1 fnr  rec 
t  hp  (Treater  agreement  in  the  figur 

to  ^ 

For  men  there  is  divergence  even  m  the  figure 
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Constants  have  been  calculated  after  correcting  the  P.C.V.  for  shrinkage.  The  corrected  value  for  P.C.V.  is 
given  within  brackets. 
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obtained  by  Napier  et  al  in  two  series  of  observations. 
The  explanation  which  these  authors  give  is  that  in 
their  first  series  of  50  there  were  included  16  indivi¬ 
duals  of  lowest  income  groups  (probably  malnourish¬ 
ed)  and  the  values  obtained  with  them  may  have 
lowered  the  average  of  the  whole  series.  It  would 
have  been  easy  for  them  to  find  out  by  reference  to 
individual  figures  whether  it  was  actually  so.  Since 
that  was  not  done  it  is  difficult  to  assess  how  far  their 
argument  is  valid.  Prasad  and  Chowdhury  (i943) 
who  used  a  similar  technique  in  Bihar  found  for  37 
“well-to-do”  adults  an  average  value  of  14*38  gm. 
per  100  c.c.  of  blood  and  Khanna  and  Sachdeo  (1948) 
reported  from  Lahore  only  slightly  higher  average  of 
14.78  gm.  It  may,  however, be  assumed  that  in  general, 
the  normal  haemoglobin  content  of  Indian  males 
appears  to  be  15  gm.  per  cent  or  slightly  over.  The 
highest  values  for  haemoglobin  have  been  reported 
by  Ramalingaswami  and  Venkatachalam  ( 1 95°)  f°r 
their  subjects  from  Coonoor  and  Ootacamund.  These 
towns  are  situated  at  an  altitude  range  of  6,000-7,500 
feet  above  sea  level  and  this  may  be  the  underlying 
reason  for  the  higher  values  of  haemoglobin.  While 
commenting  on  them  in  relation  to  Wintrobe  s  abso¬ 
lute  constants  for  blood  the  authors  suggest  that  the 
haematological  response  to  altitude  which  acts  like  a 
chronic  anoxic  stimulus  does  not  primarily  involve an 
increase  in  circulating  erythrocytes  and  hacni°gl°^ 
but  that  an  increase  in  the  corpuscular  surface  area 
and  hence  a  close  correlation  between  cell  volume 
cell  number  and  cell  haemoglobin  are  of  greater 

"^much  greater  divergence  of  values  is  however, 
•  the  reDorted  figures  for  packed  cell  volume. 

n  — *  j. — - « 
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explained  on  the  basis  of  different  techniques  adopted 
and  on  the  differences  in  the  average  red  blood  cell 
count.  That  it  is  not  all  can  be  seen  by  reference  to 
a  critical  study  reported  by  Sokhey  et  al  (1937).  They 
refer  to  the  observations  on  shrinkage  caused  by  the 
use  of  potassium  oxalate  as  an  anti-coagulant.  Osgood 
(1926)  found  in  two  samples  of  blood  a  shrinkage  of 
3-75  per  cent  as  against  the  determination  made  on 
blood  where  heparin  was  used  as  the  isotonic  anti¬ 
coagulant.  Wintrobe  (1929,  1931  and  1932)  who  also 
used  heparin  and  potassium  oxalate  gives  three 
different  figures  for  shrinkage  3-7  per  cent,  5-75  per 
cent  and  8-2  per  cent,  and  without  giving  any  reasons 
for  such  divergent  figures  used  the  last  value  in  making 
allowance  for  shrinkage  in  the  calculation  of  cell 


volume.  Haden  (i929_I93°)us^ng  hirudin  for  compari¬ 
son  finds  a  shrinkage  of  8-o  and  8-24  percent.  Napier 
and  Das  Gupta  (1936)  compared  shrinkage  due  to 
potassium  oxalate  against  hirudin  and  heparin  and 
reported  values  of  6-86  per  cent  and  9-19  per  cent 
respectively.  If  it  is  assumed  that  isotonic  heparin 
and  hirudin  do  not  cause  shrinkage  of  cells,  the 
results  obtained  by  comparison  with  these  anticoagu¬ 
lants  should  give  the  same  value  for  corpuscle  shrink¬ 
age  within  the  limits  of  experimental  error.  More¬ 
over,  there  is  little  apparent  reason  for  the  large 
vanatmns  m  shrinkage  reported  by  the  same  author 
and  by  different  authors.  Sokhey  et  al  (1937)  kept 
he  conditions  regarding  the  concentration  of  isotonic 

lTC7fu  Td  °f  p0tassium  oxalate  constant  and 
aned  the  speed  of  centrifugation.  They  found  as 

Radon  th  eX?eCtefd’  that  at  lower  speeds  of  centrifu- 
ga  ion  the  time  for  obtaining  constant  packed  cell 

u  eTe.  engthen?d-  But  When  ful1  packfng  was  en¬ 
sured  their  results  with  different  reagents  used  as 
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anticoagulants  were  within  the  limits  of  experimental 
error.  The  shrinkage  due  to  potassium  oxalate  was 
5-78  per  cent  as  compared  against  hirudin  and  5-89 
per  cent  against  heparin,  thus  proving  the  contention 
that  ideal  conditions  for  determining  cell  volume  did 
not  exist  in  many  of  the  studies  referred  to  above. 
It  may  be  reasonable  to  conclude,  therefore,  that 
there  was  little  justification  for  Napier  and  Das 
Gupta  to  use  an  arbitrary  factor  of  1-09  for  correct¬ 
ing  the  figure  for  packed  cell  volume  obtained  by  the 
use  of  potassium  oxalate.  Ramalingaswami  and  Ven- 
katachalam  (1950)  used  a  mixture  of  ammonium  and 
potassium  oxalates  which,  according  to  Wintrobe 
(1946),  causes  no  shrinkage,  hence  there  was  no  need 
to  apply  a  shrinkage  correction.  The  high  cell  volume 
reported  by  them  may  be  due  partly  to  the  rather 
high  erythrocyte  content  and  partly  to  the  response 
to  chronic  anoxic  stimulus  resulting  from  the  high 
altitude  at  which  their  subjects  were  living. 

There  are  few  observations  on  the  blood  of  child¬ 
ren.  Onesuch  studyisby  Napier  and  Das  Gupta  (1940) 
who  found  that  at  five  years  both  boys  and  girls  had 
h.k  am.  haemoglobin  per  100  c.c.  blood.  There¬ 
after  it  showed  a  steady  increase,  the  increase  for 
girls  became  slower  at  n  years;  at  16  years  the  hae¬ 
moglobin  values  for  boys  and  girls  being  i3-5  jj®- 
and  12.8  gm.  respectively.  The  authors  did  not  find 
any  differences  between  Bengalee  and  Sikh  boys  wi 

respect  to  the  haemoglobin  levels. 

The  mean  red  cell  diameter  has  come  m  for  study 
bv  several  investigators.  Sankaran  and  Rao  (  93 
used  the  method  of  Hynes  and  Martin  (193 6) '  asmod  ■ 
fied  by  themselves  and  have  reporte  s 
South  'Indian  men  and  women.  Napier,  and 

Swaroop  and  Rao  (.939)  a“d  Napier,  Sen  Gupta 
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Chandrasekar  (1941)  applied  the  above  method  for 
the  study  of  mean  red  cell  diameter  in  Bengalees. 

The  comparative  figures  are  given  below: 


MEN 


Subjects 

Mean 
r.  b.  c. 
diameter 

U. 

Standard 

deviation 

Sankaran  and  Rao  (1938) 

15 

6-85 

— 

Napier  et  al  (1939) 

50 

7-288 

— 

Ditto  (1941) 

25 

7-3438 

01 328 

Rao  and  Rao  (1942) 

25 

7-079 

0-139 

There  is  a  discrepancy  between  the  two  sets  of 
observations  reported  by  Napier  et  al.  The  authors 
themselves  are  of  the  opinion  that  their  later  figures 
are  correct  since  they  point  out  certain  difficulties 


and  defects  in  technique  which  may  have  affected 
their  earlier  results.  On  the  other  hand  the  values 
reported  by  Sankaran  and  Rao,  and  Rao  and  Rao, 
also  do  not  agree  although  one  of  the  authors  had 
participated  in  both  these  investigations.  Rao  and 
Rao  state  that  the  lower  red  cell  diameter  observed 
by  Sankaran  and  Rao  was  in  the  inhabitants  of  Coo- 
noor  a  place  which  is  at  an  altitude  of  6,000  feet 
whieh  must  have  been  responsible  for  reduction  in 
red  cell  diameter,  whereas  their  own  subjects  were 
irom  the  plains.  In  support  of  this  conclusion,  Rao 
and  Rao  quote  their  findings  in  25  British  European 
subjects  from  Wellington  (6,000  feet  above  sea  level) 

™  °(1  nhey /°Und La  mCan  red  Cel1  diar»eter  of 
7-35  (±  0.130)  M  a  figure  which  is  lower  than  the 
average  7.202  given  by  Price  Jones  (1933)  Thev 
also  quote  Gulland  and  Goodall  (t9i4)  to  the  effect 
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that  “the  size  shows  very  little  variation  in  health. 
The  average  size,  however,  is  considerably  reduced 
in  the  case  of  the  inhabitants  of  high"  altitudes.” 
Later  work,  however,  lends  little  support  to  this 
hypothesis.  On  the  other  hand  it  indicates  an  increase 
in  the  surface  area  of  the  corpuscle  in  persons  residing 
at  high  altitudes.  Although  the  importance  of  red 
cell  diameter  in  physiological  studies  has  decreased 
with  the  acceptance  of  absolute  mean  corpuscular 
volume  in  blood  (Wintrobe  1946)*  it  is  somewhat 
disconcerting  to  find  that  no  satisfactory  explanation 
can  be  found  for  the  observed  discrepancies  in  results 
reported  by  different  authors  in  spite  ol  the  fact  that 
identical  procedure  was  used  in  these  investigations. 


PLASMA  PROTEINS 

Considering  the  importance  of  plasma  proteins  it 
is  astonishing  how  little  attention  had  been  paid  to 
their  determination  in  healthy  Indians.  Lloyd  and 
Paul  (1928)  give  a  figure  of  8.152  gm.  (average  of  8 
subjects)  and  7.522  gm.  (average  of  10)  per  100  c.c. 
serum.  They  used  Robertson’s  refractometric  tech¬ 
nique.’  Later  Mudaliyar,  Sundaram  and  Rama- 
chandran  (1933),  using  the  colorimetric  technique  of 
Wu  found  an  average  of  6-135  gm.  for  9  subjects. 
These  authors  further  fractionated  the  serum  proteins 
by  precipitation  with  different  concentrations  of 
(N HAS Ch  and  determined  the  protein  fractions 
colorimetrically.  Chopra,  Mukherjee  and  Sunder 
Rao  (1934)  also  utilised  the  refractometric  technique 
and  reported  for  n  healthy  subjects  the  following 
average  values;  total  protein  7-44  gm.,  albumin  4^ 
am.,  globulin  2.83  gm.,  pseudoglobulin  2.65  gm., 
Ld  euglobulin  o.i8gm.  In  1947.  Datta  and  Chakra 
varty  published  the  results  of  an  investigation  on 
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healthy  men  and  women.  These  authors  also  have 
used  Howe’s  method  for  fractionating  plasma  pro¬ 
teins,  but  all  their  protein  estimations  were  carried 
out  according  to  microkjeldahl  procedure  which  is 
free  from  sources  of  errors  inherent  in  the  methods 
used  by  the  previous  investigators.  Their  results  are 
summarised  in  Table  XX. 


TABLE  XX— PLASMA  PROTEINS  IN  INDIAN  ADULTS 


Men 

Women 

No. 

Mean 

gm./ioo 

c.c. 

St. 

deviation 

No. 

Mean 

gm./ioo 

c.c. 

St. 

deviation 

Total  protein 

45 

7-51 

0-23 

25 

7-49 

0-27 

Albumin 

45 

4-93 

0-20 

25 

4-87 

0-21 

Globulin 

45 

2-58 

016 

25 

2-60 

018 

Euglobulin 

35 

0-52 

010 

25 

0-58 

012 

Pseudoglobulin  ... 

35 

1  84 

0-17 

25 

1-74 

0-21 

Fibrinogen 

35 

0-25 

009 

25 

0-26 

0-09 

Gokhale  and  Chitre  (1950)  utilising  similar  tech¬ 
nique  found  the  following  average  values  for  40 
ea  thy  adults.  Total  serum  protein  6.93  gm.,  Albu- 
mm  4.70  gm.,  Globulin  2.26  gm.,  with  albumin:  glo- 
buhn  =  2  o8.  The  albumin/globulin  ratio  calculated 

ance  forattheafih  ChakraVart>'’s  flgures  (making  allow- 
ance  for  the  fibrinogen  content)  amounts  to  2-2 1. 

with  th  a“er  autbors  have  compared  their  values 

appearsTo ‘  Trtedflby  SCVeral  aU,hors  abroad-  It 

ppears  from  these  figures  that  there  is  little  difr 
ence  between  the  plasma  protein  content  of  Indian!'; 

studW  the  effe'cTof!3! a  ^  !*  C°'leagues  hav«  also 
effect  of  certam  pathological  conditions  on 


TABLE  XXI— NITROGENOUS  AND 
OTHER  CONSTITUENTS  OF  BLOOD  IN  INDIANS 


Particulars  g 

No. 

ubjects 

Range 

mg. 

Mean 

mg. 

Refer- 

ence 

0 

Remarks 

BLOOD 

Non-protein  N. 

191 

17—36-0 

25-6 

1,2. 

Laked  blood 

Values  aver- 

aged. 

126 

15-17—21-92 

18-43 

3. 

Un  laked 

blood. 

Urea  N 

317 

5-6— 180 

11-56 

1,2,3. 

Values  aver- 

aged. 

Amino  acid  N. 

126 

2-71—4-98 

3-88 

3. 

Uric  Acid 

186 

1-98—3-82 

2-70 

1,  3. 

Values  aver. 

aged. 

Creatinine 

257 

0-73—2-70 

1-52 

2,  3. 

Do. 

Sugar 

60 

80—120 

100 

1 

Cholesterol  ... 

60 

91—150 

119-3 

1 

99 

131 

100—250 

159 

2 

99 

104 

130—184 

146 

4 

99 

100 

82—184 

116 

5 

SERUM 

Calcium 

1° 

1  _ 

10-54 

6 

16 

11-91—13-08 

12-51 

7 

60 

8-9  —10-2 

9-6C 

1 

Inorganic 

10 

— 

2-82 

6 

Phosphorus. 

16 

2-91—  5*0f 

_ _ 

i  3-7C 

7 

3- 

Gokhale  (1939)- 

I.  Bose  (1927). 
4.  Ghose  (1933) 


5.  Boyd  and  Roy  (i927)* 
7.  Hughes,  Srivastava  and  Sahai  (>929)- 


6.  Roy  (1942)- 
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plasma  protein  levels;  some  of  their  findings  will  be 
referred  to  in  another  chapter. 

Other  Constituents:  The  available  informa¬ 
tion  about  certain  other  constituents  of  the  blood  is 
given  in  Table  XXI.  Data  for  major  nitrogenous 
constituents,  sugar,  cholesterol,  calcium  and  inorganic 
phosphorus  are  included  in  the  table.  Where  the 
range  of  variation  and  the  average  values  obtained 
by  different  authors  differed  widely,  separate  values 
have  been  given;  where  the  differences  were  small 
the  values  have  been  averaged.  No  figures  are 
available  for  several  other  blood  constituents  apart 
from  some  vitamins  which  have  been  referred  to  in 
other  chapters. 


It  will  be  clear  from  the  information  given  in  this 

chapter  that  the  blood  of  healthy  Indians  does  not  on 

the  whole  differ  in  its  composition  from  that  of  human 

beings  of  different  ethnological  stock,  living  under 

vastly  different  environment  and  with  dietary  habits 

basically  different  from  those  prevailing  in  India. 

This  point  needs  to  be  stressed  on  account  of  marked 

ifferences  in  the  basal  energy  metabolism  and 

the  level  of  nitrogen  in  urine  to  both  of  which 

re  erence  has  already  been  made.  On  the  other  hand 

he  information  given  above  provides  additional  evi- 

dence,  if  any  were  needed,  in  support  of  the  concept 

f  constancy  of  the  composition  of  Claude  Bernard’s 
milieu  inter ieur.  as 
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CHAPTER  XVII 


ANAEMIA 


IN  INDIA  anaemia  of  varying  degrees  and  of  vary¬ 
ing  types  seems  to  be  fairly  widespread  among  the 
poorer  classes  of  the  population.  The  underlying 
reasons  for  this  state  of  affairs  are  probably  manifold. 
A  diet  which  is  marginal  with  regard  to  quality  pro¬ 
teins,  minerals  and  other  accessory  food  factors  can 
hardly  be  conducive  to  the  maintenance  of  haemato- 
logical  levels  at  the  normal  under  stresses  and  strains 
inseparable  from  life  under  ordinary  circumstances. 
Tropical  diseases  resulting  from  bacterial  infections 
and  parasitic  infestation  are  active  in  creating  condi¬ 
tions  favourable  for  anaemias  to  develop.  Certain 
other  diseases  may  be  the  direct  cause  of  anaemia.  As 
an  illustration  may  be  cited,  a  recent  report  by 
Aiengar  et  al  (1947)  about  the  conditions  in  the  mala¬ 
rious  district  of  Malnad  of  Mysore  State.  They  state 
that  on  an  average  about  500  cases  of  anaemia  are 
admitted  annually  to  the  Shimoga  Hospital.  Accord¬ 
ing  to  them,  malnutrition  coupled  with  malaria  and 
hookworm  disease  cause  such  a  high  incidence  of 
anaemia.  In  another  area  in  South  India,  Rama- 
lingaswami  and  Patwardhan  (1949)  found  in  a  sample 
labour  population  on  tea,  coffee  and  rubber  plan¬ 
tations  a  high  incidence  of  anaemia.  Out  of  338  per¬ 
sons  examined  291  had  subnormal  haemoglobin 
levels  and  148  of  these  had  less  than  10  gm.  per  100  c.c. 
Almost  similar  conditions  have  existed  in  tea  plan- 
tations  in  Assam.  Napier  and  Das  Gupta  0937. 
iqo8)  found  the  tea  garden  labourers  of  both  sexes 
generally  suffering  from  microcytic  hypochrotmc 
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anaemia  of  iron  deficiency  type.  Out  of  a  sample  of 
ioo  individuals  in  one  locality,  86  were  found  infec¬ 
ted  with  hookworm.  The  authors  feel  that  the  above 
infection  together  with  malaria  and  defective  diets 
were  the  causative  factors;?  Macdonald  (1939)  seems 
to  be  of  the  same  opinion.  Hare  (1940)  believes  that 
conditions  in  Assam  were  not  necessarily  such  as  to 
increase  the  anaemic  state  of  the  labourers.  He  found 
anaemia  among  newly  recruited  labour  which  came 
from  outside  the  province  of  Assam  and  suggested 
that  it  only  represents  a  condition  common  among 
the  poor  of  India  probably  arising  out  of  a  long¬ 
standing  defect  in  diet.  Hare’s  contention  is  largely 
borne  out  by  the  experience  with  army  recruits 
during  the  last  war.  Hynes,  Ishaq  and  Morris  (1945) 
found  that  in  a  batch  of  600  recruits  only  195  had 
haemoglobin  levels  of  15  gm.  per  100  c.c.  or  above.  In 
a  majority  the  anaemia  was  normocytic  and  normo¬ 
chromic  and  improved  on  service  diet,  but  respon¬ 
ded  better  if  supplemented  with  iron  medication. 
Hynes,  Ishaq,  Morris  and  Verma  (1946)  report  on  a 
further  batch  of  801  South  Indian  Army  recruits  with 
anaemia  associated  with  poor  muscle  development 
and  presence  of  ocular  and  skin  conditions  suggestive 
of  nutritional  deficiencies.  In  both  the  above  in¬ 
vestigations  the  authors  point  out  the  fact  that 
although  the  evidence  of  hookworm  infestation  was 
present  in  a  majority  of  recruits,  there  was  little  cor-^ 
relation  between  the  hookworm  load  and  the  degree 
of  anaemia.  Hynes,  Ishaq  and  Verma  (1946)  studied 
he  effect  of  various  diets  on  the  anaemias  in  800 
army  recruits.  The  diets  fed  consisted  of  the  stand- 
ard  army  ration  supplemented  with  meat  or  milk  and 
with  or  without  ferrous  sulphate  3  to  6  gr.  a  day 
They  confirmed  the  findings  of  Hynes,  Ishaq  and 
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Morris  ( loc .  cit)  that  iron  medication  improved  the 
response  already  obtained  with  the  standard  army 
ration.  Extra  meat  or  milk  did  not  improve  the 
performance  seen  on  the  standard  army  ration.  They 
also  found  that  hookworm  infestation  did  not  inter¬ 
fere  with  the  haematological  response  to  good  diet 
whether  it  was  supplemented  with  iron  or  not. 

It  is  somewhat  surprising  that  there  are  no  obser¬ 
vations  on  the  status  of  the  blood  in  nutrition  surveys 
on  school  children.  One  can  expect  the  effect  of 
chronic  subnutrition  to  be  seen  better  among  children 
than  in  adults.  The  incidence  obtaining  in  adults 
leads  one  to  suspect  that  children  of  the  poorer 
classes  might  also  be  suffering  from  anaemia  to  a 
varying  degree.  It  would  be  desirable  for  the  nutri¬ 
tion  workers  in  India  to  direct  their  attention  to  this 
important  aspect  of  the  problem. 

Nutritional  Macrocytic  Anaemia  :  The  des¬ 
cription  of  the  incidence  of  anaemia  given  till  now 
referred  to  the  normocytic,  microcytic,  normochro¬ 
mic  or  hypochromic  varieties  only.  Several  observa¬ 
tions  are  on  record  to  show  that  macrocytic  anae¬ 
mias  are  not  uncommon  in  this  country.  Of  these, 
the  true  pernicious  or  Addisonian  anaemia  is  rare, 
on  the  other  hand,  nutritional  (tropical)  macrocytic 
anaemia  (NMA)  and  macrocytic  anaemia  of  preg¬ 
nancy  are  fairly  widespread.  During  his  investiga¬ 
tions  on  Assam  tea  plantation  labourers,  Napier  has 
noted  the  presence  of  macrocytic  anaemia.  Wills 
(1934)  had  shown  that  NMA  was  common  among 
both  sexes.  She  had  obtained  good  therapeutic 
results  with  marmite  and  had  suggested  that  thiamine 
and  riboflavin  were  not  the  active  components. 
Wills  had  also  noted  that  the  factor  present  in  yeast 
extract  and  to  which  NMA  responded  was  inactive 
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in  Addisonian  anaemia.  These  observations  led  her 
to  believe  that  NMA  was  a  deficiency  disease  pro¬ 
bably  caused  by  a  lack  of  Castle’s  extrinsic  factor. 
Napier  (1939)  also  expressed  the  opinion  that  it  was  a 
deficiency  anaemia,  but  that  it  differed  from  the 
pernicious  anaemia  in  that  the  deficient  factor  was 
different  from  the  extrinsic  factor  of  Castle.  Taylor 
and  Manchanda  (1940)  described  24  cases  in  adults 
of  24  to  60  years  from  the  poorest  classes  in  Punjab 
and  were  of  the  opinion  that  poor  dietary  was  one  of 
the  aetiological  factors.  Ahmad  (1944)  reported 
5  cases  from  the  United  Provinces,  Das  Gupta  et  al 
U946  a  and  b)  23  cases  from  Calcutta  and  Sundaram 
(*944)  *5  cases  and  Ramalingaswami  and  Menon 
U949)  6  cases  from  Madras  Province.  Taylor  and 
Chuttani  (1945)  found  that  whereas  in  meat-eaters  in 
the  army  the  anaemia  was  mostly  normocytic  normo¬ 
chromic,  in  vegetarians  it  tended  to  be  macrocytic. 

Thus  it  will  be  clear  that  NAIA  occurs  all  over 
India,  its  extent  of  incidence  can  hardly  be  judged 
by  the  limited  number  of  cases  referred  to  above.  It 
is  quite  probable  that  only  a  small  fraction  of  cases 
actually  occurring  go  to  the  hospitals  and  that  too 
when  the  anaemia  has  become  sufficiently  severe  or 

Wrhur,?‘h,er  COmPlications  have  set  in-  The  opinion 

T  '!'S  ,that  “  may  arlse  out  of  dietary  deficiency  has 
already  been  referred  to. 

Although  Wills  had  found  marmite  active  against 
■  .t.he„ aCtUa  therapeutic  trials  excluded  thia¬ 
mine,  riboflavin,  nicotinic  acid,  pyridoxin,  pantothe- 

rsu  :,r  rf“briC  acid  (WiUs  w  Moore 

f  944  '  fna  S  Wlth  refined  and  crude  liver  ex- 
tracts  gave  contradictory  results.  Wills,  Clutterbuck 

and  Evans  (1937)  and  Wills  and  Evans  0938)  had 
found  refined  liver  extracts  ineffective  if  NMA 
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Sundaram  (1944)  and  Patel  (1946)  on  the  other  hand 
found  proved  cases  of  NMA  responding  to  refined 
liver  extracts  provided  adequate  doses  were  given. 
In  the  meantime  the  work  of  Spies  and  others  had 
demonstrated  the  therapeutic  effect  of  folic  acid  in 
Addisonian  anaemia,  NMA,  macrocytic  anaemias  of 
pregnancy  and  of  sprue.  Although  later  work  showed 
that  folic  acid  was  not  a  desirable  therapeutic  agent 
in  Addisonian  anaemia  its  value  in  other  macrocytic : 
anaemias  has  now  been  established  and  some  recent.^ 


trials  in  India  by  Das  Gupta  and  Chatterjea  (1946),,, 
Kemp  (1947),  Goodall  et  al  (1948)  and  Ramalinga- 
swami  and  Menon  (1949)  have  confirmed  these  find¬ 
ings,  if  any  further  confirmation  were  actually  needed.. 
The  last  mentioned  authors  have  given  a  probables 
explanation  of  the  contradictory  results  obtained! 
with  refined  liver  extracts.  While  discussing  the  bone 
marrow  morphology  they  point  out  that  two  types  ofi 
marrow  reactions  may  be  seen  in  NMA,  one  which  is 
megaloblastic  resembling  that  seen  in  Addisonian 
anaemia,  and  the  other  which  could  be  described  as 
early  normoblastic.  The  cases  with  megaloblastic 
reaction  may  respond  to  refined  liver  extract  whereas 
those  with  normoblastic  reaction  are  refractory 
Both,  however,  respond  to  crude  liver  extract  anc 
folic  acid.  On  the  other  hand,  Bhende  and  Pate 
(1048)  were  of  the  opinion  that  activity  or  otherwise 
of  refined  liver  extracts  against  NMA  depended  upoi. 
the  uncertain  and  variable  extent  to  which  certain 
active  factors  were  removed  during  the  process  0 
purification  of  the  liver  extracts.  The  explanation 
offered  by  Ramalingaswami  and  Menon  appears 
be  more  plausible  in  view  of  the  support  derive, 
from  the  interpretation  of  the  bone  marrow  finding. 

in  NMA  cases. 
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Macrocytic  Anaemias  of  Pregnancy:  Balfour 
(1927)  was  the  first  to  undertake  a  systamatic  study 
of  this  condition  in  India.  She  studied  150  cases  in 
Bombay  between  1925-1927,  most  of  which  were 
derived  from  the  lower  middle  and  labour  classes.? 
Balfour  felt  that  malaria,  dysentery,  hookworm  and 
sprue  were  not  the  aetiological  factors.  She,  how¬ 
ever,  did  not  give  any  definite  opinion  regarding  the 
role  of  poor  diets.  Wills  and  her  colleagues  later 
studied  this  problem  more  closely  and  have  provided 
information  of  great  value.  Wills  and  Mehta  (1929) 
found  that  the  incidence  of  anaemia  was  spread  over 
all  the  communities.  The  authors  were  struck  by 
the  fact  that  the  largest  number  of  cases  were  from 
the  poor  classes.  This  led  to  a  study  of  the  diets  of 
different  economic  groups  in  Bombay.  Wills  and 
Talpade  (1930)  who  made  exhaustive  study  of  the 
dietaries  of  middle  and  labour  classes  in  Bombay 
City  found  that  in  the  former  the  diets  were  adequate 
and  cases  of  pregnancy  anaemia  few.  On  the  other 
hand,  the  diets  of  labour  class  families  were  qualita¬ 
tively  and  quantitatively  inadequate.  There  were 
deficiencies  of  vitamins  A  and  C,  fat  content  was  low 
and  vitamins  of  the  B  complex  were  also  inadequate. 
Ihe  authors,  therefore,  suggested  that  a  deficiency  of 
one  or  more  of  these  factors  predisposed  women  to 
anaemia  which  came  into  prominence  when  addi- 
tional  strew  of  pregnancy  had  to  be  borne.  In  1933, 
Wills  found  that  raarmite  was  useful  in  treating  the 
pernicious”  anaemia  of  pregnancy. 

It  was  at  one  time  suggested  (Editorial,  Ind.  Med. 
az.  1932)  that  the  disease  be  called  Tropical  Anae 

“  "„p3*"w  r”  «...  U.S 

ro  he  r  y  rare  ln  temPerate  reg>ons.  According 

the  information  then  available,  only  ten  cases  of 
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macrocytic  anaemia  in  pregnancy  had  been  reported 
in  Europe  in  a  total  of  105,400  pregnancies,  i.e.,  an 
incidence  of  1  in  10,000.  There  was  of  course  no  dis¬ 
agreement  with  the  view  that  dietary  deficiency  was 
one  of  the  important  causes. 

Further  reports  on  pregnancy  anaemia  from  other 
parts  of  India  were  gradually  appearing  in  the  medi¬ 
cal  journals.  Mudaliar  and  Rao  (1932)  reported  on 
32  cases  in  Madras,  20  of  which  were  treated  with 
marmite  with  disappointing  results.  They  recom¬ 
mended  liver  in  sufficient  amounts  for  treatment. 
The  authors  stated  that  the  diets  of  these  patients 


were  lacking  in  fresh  green  vegetables  and  fats,  and 
hence  in  vitamins  A,  G  and  D.  They  believed  that 
a  constitutional  factor,  a  factor  associated  with  preg¬ 
nancy  and  an  antianaemic  factor  were  together  res¬ 
ponsible  for  pregnancy  anaemia.  Gupta  (1932) 
studied  the  records  of  203  cases  in  Calcutta  between 
1928-1930  and  reported  that  haematological  and  histo- 
pathological  findings  at  autopsy  were  similar  to  those 
in  Addisonian  anaemia.  On  the  other  hand,  Mitrai 
(1931)  from  study  of  86  cases  in  Calcutta  expressed 
the  opinion  that  anaemia  was  toxaemic  in  origin. 
Mitra  (1937)  later  described  a  further  series  of  1  5' 
cases  nearly  half  of  which  were  macrocytic.  Napier 
and  Das  Gupta  (1937)  observed  that  the  incidence  ol 
all  anaemias  in  tea  garden  labour  women  was  10  per 
cent  and  that  it  tended  to  increase  in  pregnancy- 
The  incidence  was  highest  in  the  age  group  15  to  2 
years.  Chowdhury  and  Mangalik  (1938)  fin(J 
incidence  of  5-6  per  cent  among  the  women  confined 
ina  hospital  at  Agra  in  1936-937.  They  examined 
only  41  cases  of  which  27  were  of  the  macrocy 

variety  They  suggest  that  toxaemia  of  pregnancy 
variety,  rney  SB  nrooer  anti-anaemic 

results  from  anaemia  and  that  proper  a 
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treatment  prevents  the  appearance  of  toxaemia  or 
causes  its  disappearance.  Upadhyay  (1944)  has  paid 
detailed  attention  to  the  dietary  history  of  normal 
non-pregnant  and  pregnant  and  anaemic  pregnant 
women  in  Patna.  He  found  that  the  largest  number 
of  cases  was  derived  from  the  subjects  living  on  diets 
of  maize,  sweet  potato  with  green  vegetables  occasio¬ 
nally,  fewer  from  those  who  included  any  kind  of 
pulse  in  their  diets  and  there  were  still  smaller  num¬ 
ber  of  anaemia  cases  from  the  group  which  had  a 
more  varied  diet  containing  rice,  pulse,  wheat,  vege¬ 
tables,  milk,  etc.  There  were  no  anaemia  cases  from 
the  group  which  took  meat,  fish,  or  eggs  in  addition. 
In  1940,  Napier  reviewed  the  existing  knowledge  on 
pregnancy  anaemias  which  in  India  stood  high  among 
the  causes  of  maternal  mortality.  He  considers  that 
a  slight  degree  of  anaemia  in  pregnancy  is  physiolo¬ 
gical  (Bethell,  1936)  but  in  India  the  condition  is  often 
aggravated  by  defective  dietaries  and  tropical  disease. 
The  microcytic  hypochromic  anaemia  in  pregnancy 
is  due  to  the  same  factors  which  are  operative  for 
similar  anaemia  seen  in  the  general  population. 
Some  cases  of  macrocytic  anaemias  in  pregnancy 
which  show  evidence  of  haemolysis  may  be  due  to 
malaria.  On  the  other  hand,  macrocytic  hyper- 
chromic  anaemia  in  pregnancy  must  be  due  to  some 
as  yet  unknown  dietary  deficiency.  Later  work 
already  referred  to  in  connection  with  NMA  demons¬ 
trated  that  folic  acid  was  equally  effective  in  macro- 

and^r1^  Prxegnancy-  Das  GuPta>  Ghatterjea 
and  Mathen  (1949)  treated  14  cases  with  folic  acid 

durmg  pregnancy  and  17  cases  after  parturition 

Most  of  the  pregnant  cases  responded  welf  to  20  to  30 

mg /day  of  fohc  acid  in  30  days.  The  response  in 

h \3p0st  Partum  cases  was,  however,  not  so  good. 
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Recently,  crystalline  vitamin  B12  has  been  tried  in 
macrocytic  anaemia  of  pregnancy.  Patel  and  Kocher 
(1950)  reported  good  haematological  response  in  four 
such  cases  with  a  megaloblastic  marrow.  They  ob¬ 
serve,  however,  that  in  both  the  NMA  and  macrocy¬ 
tic  anaemia  of  pregnancy  the  dose  is  about  four  times 
that  required  for  treatment  of  Addisonian  anaemia. 
This  finding  is  contradictory  to  that  of  Ungley  and 
Thompson  (1950)  who  observed  that  much  larger 
doses  of  crystalline  vitamin  B12,  viz.,  65  to  80  wg-» 
by  parenteral  route,  were  ineffective  in  six  cases  of 
megaloblastic  anaemias  of  pregnancy  and  puer- 
perium.  All  these  later  responded  to  folic  acid, 
some  to  even  as  low  a  dose  as  2-5  mg. /day. 

It  should  now  be  clear  that  all  the  different  types 
of  anaemias  occurring  in  India  have  primarily  a  poor 
dietary  background  for  their  origin.  While  it  is  easy 
to  understand  the  occurrence  of  normochromic  nor- 
mocytic  and  hypochromic  microcytic  anaemias  as 
being  due  to  defective  diets  with  multiple  deficiencies 
on  which  may  or  may  not  be  superimposed  hook¬ 
worm  disease,  while  it  is  not  difficult  to  visualize  the 
occurrence  of  haemolytic  anaemias  caused  by  a 
disease  like  malaria,  it  is  not  so  easy  to  conceive  of 
specific  dietary  or  other  conditions  responsible  for 
NMA  and  macrocytic  anaemia  of  pregnancy  which 
presumably  are  due  to  a  deficiency  of  folic  acid  or 
vitamin  B12  and  possibly  also  of  other  related  hae- 
mopoietic  factors.  The  lack  of  animal  protein  can 
obviously  not  be  the  main  factor  unless  it  be  assume 
that  it  acts  by  influencing  the  microflora  of  small 
intestines  which  have  the  capacity  to  synthesize  folic 
acid  and  other  haemopoietic  factors.  Ung  ey  an 
Thompson  (loc.  cit)  point  out  that  in  their  cases  the 
dietary  histories  did  not  suggest  that  the  intake  of 
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folic  acid  by  the  patients  was  lower  than  that  of  other 
women  of  the  same  economic  groups.  The  same, 
however,  cannot  be  said  of  the  Indiatrcases.  These 
are  derived  usually  from  the  class  of  people  whose 
diets  have  been  repeatedly  shown  to  be  inadequate. 
Under  these  conditions,  othfer  vitamin  deficiencies 
ought  to  be  encountered.  Probably  they  are  associ¬ 
ated  with  anaemias  of  the  macrocytic  type;  unfortu¬ 
nately  this  aspect  has  not- been'referred  to  by  most  of 
the  Indian  workers  on  anaemias.  On  the  other  hand, 
such  association  may  not  have  been  so  marked  as  to 
invite  special  comment.  It  is  the  common  experience, 
however,  that  even  though  multiple  deficiencies  are 
often  present,  it  is  the  signs  and  symptoms  of  defici¬ 
ency  attributable  to  one  nutrient  which  somehow 
predominate.  The  reasons  for  this  selective  manifes¬ 
tation  would  certainly  merit  further  study. 
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CHAPTER  XVIII 


DEFICIENCY  DISEASES 


IN  THE  Chapter  on  Nutrition  Surveys  a  brief  refe¬ 
rence  has  been  made  to  the  recording  of  certain  signs, 
and  symptoms  in  connection  with  the  attempts  made: 
to  evaluate  nutriture.  Apart  from  such  surveys  there 
also  exists  much  published  work  in  India  which  deals; 
with  nutritional  diseases.  Its  study  yields  a  great 
deal  of  valuable  information  on  the  occurrence  of 
nutritional  diseases  conditioned  by  dietary  and  other- 
factors.  Unfortunately  such  diseases  are  only  too» 
common  in  India  and  the  wealth  of  material  for  cli¬ 
nical  study  is  impressive  in  quantity  and  variety.  Itl 
is,  therefore,  unfortunate  that  till  recently  this  abun¬ 
dant  material  has  not  been  utilised  for  studies  on 
aetiology,  pathogenesis,  diagnosis  and  treatment  ofl 
nutritional  diseases.  This  has  left  a  wide  gap  in  our. 
knowledge  which  it  is  hoped  the  workers  will  fill 


before  long.  .  . 

It  is  realised  that  the  treatment  of  this  subject  n 

the  following  pages  is  far  from  satisfactory, 
arrangement  of  these  diseases  here  follows  neither  the 
etiologic  nor  the  systematic  classification.  In  view  o! 
the  multiple  nature  of  the  deficiencies  encountered 
the  variation  in  their  manifestation  and  the  uncer 
tainty  as  to  the  etiology  of  many  of  them,  it  was  con 
sidered  desirable  to  discuss  the  subject  matter  ir 
three  ways,  (a)  disorders  affecting  mainly  one  system 
lb)  disease  entities  such  as  beri-ben,  scurvy,  ticket 
etc  and  (c)  syndromes  in  which  more  than  one  sys. 
tern’ is  involved.  The  author  does  not  seek  to  justify 
this  method  of  presentation;  he  is  merely  explaining 
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the  method  adopted  in  dealing  with  this  complicated 
but  intensely  interesting  subject. 


goitre 

lathyrism 

STONE  IN  BLADDER 
OSTEOMALACIA 
BERI  BERI 
FLUOROSIS 
EPIDEMIC  DROPSY 


Figure  XV-Incidence  of  diseases  associated  with  faulty  diets. 


v  u°uT  ■  McCarnson  ('920)  had  stated  that 
xei ophthalmia  frequently  occurs  in  India  among 

p  ople  living  on  a  diet  of  rice  and  vegetable  oil  and 

sclera  WaS  CUrab 6  rY  C°d  liVCr  0iL  Xerosis  °f  the 
scleral  conjunctiva  of  varying  degrees  can  be  seen  in 

poorer  sections  of  the  Indian  population.  It  ranges 
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from  mere  dryness  and  smokiness  of  the  conjunctiva 
to  well  marked  xerosis  and  typical  Bitot’s  spots. 
Aykroyd  and  Krishnan  (1936)  have  examined  436 
children  in  Bellary  district  and  found  evidence  of 
xerosis  in  116,  nearly  30  per  cent  of  whom  showed 
Bitot’s  spots.  The  spots  first  described  by  Bitot  in 
1863  are  formed  by  the  heaping  up  of  the  degene¬ 
rated  conjunctival  epithelium  most  commonly  lateral 
to  the  cornea  in  the  equatorial  region  of  the  eye. 

The  spot  is  either  white  or  cream  coloured,  tri¬ 
angular  in  shape  with  the  base  pointing  towards  the 
cornea.  In  certain  cases  the  spots  may  be  oval  or 
round.  Although  in  a  majority  of  cases  they  are 
situated  lateral  to  the  cornea,  they  may  also  be  found 
on  the  nasal  side  in  a  few  cases.  Bitot’s  spots  have 


been  correctly  described  by  Bicknell  and  Prescott 
(i947)-  The  description  given  by  Nicholls  and  Nimal- 
suriya  (1939)  of  Bitot’s  spots  in  Ceylonese  children 
corresponds  with  the  above.  Kruse  (1941)  claims  to 
describe  the  evolution  of  what  he  calls  Bitot’s  spots. 
Neither  the  pictures  reproduced  in  his  article  nor  the 
description  of  the  spots  at  all  point  to  the  lesion 
being  Bitot’s  spots.  According  to  him  the  spots  are 
most  common  on  the  nasal  side  of  the  cornea,  are  of 
all  sizes  and  shapes  and  vary  in  colour  from  white  to 
oranee.  Jollife,  Tisdall  and  Cannon  (1950)  describe 
the  thickened  heaped  up  conjunctival  lesion  occur¬ 
ring  more  commonly  on  the  nasal  side.  Although 
they  do  not  mention  Bitot’s  spots  by  name  the  descrip¬ 
tion  is  likely  to  carry  the  impression  that  Bitot  s  spo  s. 
are  being  referred  to.  All  that  can  be  said  here  is. 
that  neither  their  description  nor  that  of  Kruse  wou 
seem  to  refer  to  Bitot’s  spots.  Experience  in  India 
almost  entirely  confirms  the  original  description  0  . 
BUot  later  greatly  amplified  by  Nicholls  andl 


Figure  XVI— A  Bitot's  spot. 

(Nutrition  Museum) 


pircumcomeal  pigmentation-Note  the  curvilinear  pigmenla- 

F.,ureXVII-Q«u^™«  P  ®  lric  ri„g  „ound  the  cornea.  The 

ring  “drawn’.way  Horn  the  come.  In  .he  equatorial  region 
(By  courtesy  o t  the  / ndlar,  Journal  ot  Medical  Research). 
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Nimalsuriya,  with  regard  to  their  location,  colour 
and  general  appearance  (Fig.  XVl). 

Thickening  and  folding  of  scleral  conjunctiva  and 
lack  of  lustre  are  not  uncommon  among  adults 
(Ramalingaswami  and  Patwardhan,  1949).  By  far 
the  most  serious  condition  arising  out  of  vitamin  A 
deficiency  is  keratomalacia  among  children.  In  fact, 
Wright  (1931)  considered  it  the  most  important  cause 
of  preventable  blindness  in  India.  Kirwan,  Sen  and 
Biswas  (1941)  analysed  the  records  of  14,698  patients 
seen  at  the  Eye  Infirmary  at  Calcutta  and  observed 
that  419  or  2-85  per  cent  suffered  from  conditions 
attributable  to  vitamin  A  deficiency  of  varying  deg¬ 
rees  of  severity.  In  a  further  communication  Kirwan, 
Sen  and  Bose  (1943)  stated  that  keratomalacia  was 
most  common  below  five  years  of  age,  the  incidence  in 
Calcutta  being  10.5  per  10,000  of  population.  Heilig 
( 1 943)  reports  having  seen  in  a  Mysore  hospital  32 
cases  of  keratomalacia  in  five  years  in  children  under 
five  years.  Not  infrequently  cases  appear  at  the 
Nutrition  Clinic  at  Coonoor  as  well;  27  cases  have 
been  encountered  during  the  last  three  years.  Ayk¬ 
royd  and  Wright  (1937)  have  tried  orally  adminis¬ 
tered  emulsion  of  carotene  in  oil  in  early  cases  of 
keratomalacia  and  have  found  good  response  to  this 
treatment.  In  most  cases,  however,  massive  doses  of 
vitamin  A  in  the  form  of  a  concentrate  have  been 
used  for  effective  treatment  of  this  acute  condition. 

Conjunctival  Pigmentation:  Patchy  pigmen¬ 
tation  of  bulbar  conjunctiva  has  often  been  noticed 
among  school  children  and  has  been  ascribed  to  vita¬ 
min  A  deficiency.  That  it  is  not  necessarily  so  has 
been  demonstrated  by  Kirwan  a  al  who  tested  the 
dark  adaptation  of  patients  showing  patchy  pigmen 
tat, on  and  found  values  equal  to  those  obtaVXkh 
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normals.  Dhurandhar  and  Boman  Behram  (1940) 
described  a  curvilinear  pigmentation  surrounding  the 
cornea  which  was  seen  in  rings,  semicircles  or 
segments  round  the  cornea.  The  colour  of  the  pig-_ 
ment  varied  from  gray  to  light  brown  or  dark  brown. 
They  found  an  incidence  of  89-4  per  cent  in  an  indus¬ 
trial  school  where  the  diets  were  very  poor  in  protec¬ 
tive  foodstuffs.  On  the  other  hand,  in  a  paying  day 
school  the  incidence  was  26-8  per  cent.  About  72  per 
cent  of  the  boys  with  pigmented  conjunctiva  had  de¬ 
fective  vision  in  one  eye  or  both.  In  80  per  cent  of 
the  latter  impaired  light  sensitivity  persisted  even  after 
correction  of  refractive  error.  Impaired  light  sensiti¬ 


vity  and  a  large  difference  in  the  incidence  between 
two  schools  led  the  authors  to  suggest  that  the  pig¬ 
mentation  was  probably  nutritional  in  origin.  But 
Kirwan’s  findings  do  not  lend  support  to  the  above 
suggestion.  Recently  a  report  from  Assam  by  Gilroy 
(1949)  showed  that  similar  pigmentation  occurs  there 
on  tea  plantations  in  association  with  xerosis.  A  sur¬ 
vey  at  Coonoor  in  1950  brought  to  light  the  incidence 
of  curvilinear  pigmentation  as  high  as  8o-6  per  cent 
not  associated  with  xerosis  and  not  responding  to 
continued  treatment  with  vitamin  A.  A  nutrition 
survey  in  Uttar  Pradesh  has  brought  to  light  this  type 

of  pigmentation  among  school  children.  Itis  di  cu 

as  yet  to  say  whether  the  patchy  or  linear  pigmen  a- 
tion  (Fig  XVII)  observed  in  Indian  children  is  ue 
to  malnutrition  or  to  other  as  yet  unknown  causey 
Night  Blindness:  This  condition  is  often  me 
with  among  the  children  of  poor  classes  in  India  It 
is  possible  that  it  may  occur  more  in  certai  p 

India  than  in  others,  detailed  information,  however  i 

not  available.  At  ophthalmic  hospitals  it  must  be  on 
of  the  common  complaints.  Kirwan  d  (  9431 
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investigated  200  cases  among  which  41  were  suffering 
from  disease  either  of  the  retina  or  optic  nerve.  In 
1 10  cases  fundus  was  found  normal,  of  these  69  showed 
impaired  dark  adaptation  when  tested  with  the 
biophotometer.  If  other  causes  of  night  blindness  are 
excluded,  the  number  of  patients  showing  nutritional 
night  blindness  was  thus  not  inconsiderable.  Kirwan 
expresses  a  doubt  regarding  the  deficiency  of  vitamin 
A  being  the  aetiological  factor  in  all  of  these  cases. 
He  treated  58  cases  of  which  20  failed  to  take  the  full 
course  of  treatment,  37  showed  improvement  on  vari¬ 
ous  vitamin  A  preparations  and  only  one  failed  to 
respond.  In  view  of  these  results  it  is  difficult  to  take 
the  opinion  of  Kirwan  seriously.  Dhurandhar  and 


Boman  Behram  (loc.  cit)  also  report  that  72  per  cent 
of  their  subjects  with  defective  vision  and  conjuncti¬ 
val  pigmentation  suffered  from  diminished  light  sen¬ 
sitivity.  Heilig  (1943)  states  that  in  Bangalore  and 
Mysore  12  to  14  per  cent  of  ophthalmic  patients 
diagnosed  as  vitamin  A  deficiency  cases  complained 
of  night  blindness. 

Rajagopal  (1941)  tested  ten  cases  of  night  blind¬ 
ness  by  the  Birch- Hirschfeld  type  of  adaptometer  and 
found  that  administration  of  vitamin  A  in  massive 
doses  (2,6,000  I.U.)  produced  improvement  within  six 
hours  and  that  48  hours  after  vitamin  A  the  threshold 
values  returned  to  normal.  Basu  and  De  (194,)  found 
e  use  of  Jeans  Zentmire  biophotometer  unsatisfac- 
tory,  they  thereupon  modified  the  instrument  and 
determined  the  dark  adaptation  in  34,  school  children 
among  whom  23  per  cent  were  found  to  suffer  from 
mpaired  dark  adaptation.  Among  161  adults  a 
similar  result  was  obtained.  Thev  could  1? 

test  therapeutically  on.y  seven 

‘he  latter  group  and  in  these,  distinct  imprtem^ 
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in  dark  adaptation  was  found  on  10,000  I.U. 
vitamin  A  given  daily  for  about  40  days.  Khan 
(I945)  reports  the  occurrence  of  night  blindness  in 
Indian  troops  during  the  last  war.  Out  of  1,090 
Indian  soldiers  examined  by  biophotometer  in  a 
forward  area  300  were  found  to  show  impaired  dark 
adaptation.  In  a  few  cases  where  therapeutic  tests 
were  made  (25  cases  only)  the  condition  improved  on 
administration  of  vitaminised  oil.  Hassan  and  Khanna 
(1947)  have  compared  the  vitamin  A  content  of  blood 
plasma  in  medical  students  of  Lahore  and  their  dark 
adaptation.  They  found  that  values  of  50  l.U. 1 100  c.c. 
and  below  were  associated  with  impaired  dark  adap¬ 
tation,  which  improved  by  vitamin  A  therapy. 

Sardana  (1946)  describes  159  cases  of  avitaminosis 
A  in  a  prisoner-of-war  hospital  in  Singapore  in  1943- 
There  was  no  xerosis  or  keratomalacia,  cornea  was 
insensitive  in  81  per  cent  cases.  Media  were  clear 
and  fundi  normal.  All  suffered  from  impaired  dark 
adaptation  and  concentric  contraction  of  fields  of 
vision.  In  advanced  stages  distant  vision  was  failing 
even  during  day  time.  Treatment  was  started  with 
red  palm  oil  and  bananas,  later  other  foodstuffs  con¬ 
taining  carotene  and  other  vitamins  were  used. 
About  85  per  cent  cases  improved  within  four  weeks. 

Other  Conditions:  Verma  (1942)  describes  case 
of  optic  atrophy  as  seen  in  children  and  young  adults 

for  which  no”  structural  abnormality  could  account. 

The  only  positive  finding  was  the  pal  or  o 

poral  half  of  the  optic  disc  most  often  in  both  y  • 

The  patients  were  derived  from  P00rest  c  aS^en 
duration  of  the  complaint  was  ten  months  to  seven 

years  with  insidious  onset.  In  48  cases  w  ic  mo 
:  •  OQ  }iad  angular  stomatitis,  18  xerosi  , 
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jerks.  Dried  yeast  and  shark  liver  oil  were  given  for 
treatment,  the  less  severely  affected  cases  showed 
marked  improvement  whereas  in  others  the  response 
was  poor.  Verma  believes  that  where  optic  atrophy 
has  advanced  to  a  certain  stage,  treatment  does  not 
improve  matters  although  associated  conditions  such 
as  angular  stomatitis  and  xerosis  do  respond.  Aykroyd 
and  Verma  (1942)  report  13  cases  of  superficial  kera¬ 
titis  with  angular  stomatitis  and  fissured  tongue  as 
associated  signs  of  riboflavin  deficiency.  The  ocular 
symptoms  consisted  of  burning  of  eyes,  mistiness  of 
vision,  photophobia  and  lacrimation,  circumcorneal 
injection  with  opacities  in  cornea  visible  on  direct  or 
oblique  illumination.  Vascularisation  of  the  cornea 
was  found  in  only  three  patients.  The  treatment 
consisted  of  2  mg.  riboflavin  by  intramuscular  injec¬ 
tion  on  the  first  day  followed  by  1  or  2  mg.  riboflavin 
daily  by  the  same  route.  In  3  to  12  days  all  subjec¬ 
tive  eye  symptoms  disappeared  followed  by  improve¬ 
ment  in  the  physical  condition  of  the  eye.  Verma 
(1944)  has  also  successfully  treated  20  cases  of  angu¬ 
lar  conjunctivitis  with  riboflavin  injections.  It  could 
be  assumed,  therefore,  that  burning  of  eyes,  dim 
vision,  lacrimation  and  photophobia,  circumcorneal 
injection  with  opacities  in  cornea  and  optic  atrophy 
etc.,— one  or  all  of  these— may  have  been  caused  by 
riboflavin  deficiency.  It  is  peculiar,  however,  that 
eye  conditions  attributable  to  riboflavin  deficiency 
were  so  common  in  Madras  for  Kirwan,  Sen  and  Bose 

W  consider  that  in  Bengal  eye  disease  due  to 
riboflavin  deficiency  is  rare. 

Sardana  (1946)  describes  the  involvement  of  the 
eye  in  121  cases  of  ariboflavinosis  among  prisoners- 
Of-war  in  Singapore.  The  main  complaint  was  hazt 
ness  of  vision  m  bright  light,  vision  being  better  in 
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cloudy  weather  and  at  dusk  or  dawn.  Cheilosis  and 
angular  stomatitis  were  present  in  nearly  all  cases, 
and  78  per  cent  of  the  cases  suffered  from  seborrhoeic 
dermatitis  4  to  8  months  prior  to  the  onset  of  eye 
symptoms.  The  cornea,  media  and  fundi  were  clear. 
In  the  early  stages,  upper  and  temporal  visual  fields 
were  contracted,  in  advanced  cases  all  four  quadrants 
were  affected.  At  this  stage  the  patients  complained 
of  poor  night  vision.  These  patients  showed  no  res¬ 
ponse  to  treatment  with  red  palm  oil  or  vitamin  A 
rich  supplements. 

Sardana  also  gives  an  account  of  220  cases  with 
ocular  involvement  in  (according  to  him)  thiamine 
deficiency.  The  symptoms  were  dimness  of  vision  at 
20  -  30  yards  and  difficulty  in  reading.  Most  of  these 
complained  of  burning  sensation  in  eyes,  pain  behind 
the  eyeball,  lacrimation,  mild  photophobia  and  some 
degree  of  blepharospasm.  Visual  disturbance  in  day¬ 
time  and  night  was  equally  marked.  It  is  possible 
that  some  of  these  symptoms  may  have  been  due  to 
associated  riboflavin  deficiency.  Conjunctiva,  cornea, 
media,  and  fundi  were  normal  except  in  2  per  cent 
who  showed  optic  nerve  atrophy  along  with  other  sym¬ 
ptoms  of  advanced  dry  beri-beri.  Visual  field  showed 
mild  peripheral  contraction,  accommodation  was 
weak  and  tiring. 

As  pure  vitamins  were  not  available  these  cases 
were  treated  with  foodstuffs  rich  in  members  of  the 
B-complex.  There  is  no  doubt  that  the  ocular  condi¬ 
tions  described  by  Sardana  differ  among  themselves. 
On  the  basis  of  (a)  associated  conditions  attributable 
to  deficiencies  of  vitamin  A,  riboflavin  and  thiamine 
and  (b)  the  results  of  limited  therapeutic,  trials  the 
major  responsibility  for  their  incidence  can  be  assign¬ 
ed  to  the  above  vitamin  deficiencies.  It  is  probable, 
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however,  that  the  whole  clinical  picture  may  have  been 
modified  by  coexistent  deficiencies  of  other  members 
of  the  B-complex  even  if  it  is  conceded  that  the  ocular 
symptoms  arose  predominantly  due  to  individual 
deficiencies.  It  is  indeed  interesting  to  note  the  very 
careful  description  given  by  Sardana  stressing 
finer  points  of  difference  between  the  three  con¬ 
ditions  particularly  where  the  impairment  of  sensiti¬ 
vity  to  light,  reaction  of  the  pupil  and  contraction 
of  visual  fields  are  concerned.  Unfortunately  the 
resources  for  treatment  were  extremely  limited 
in  a  prisoner-of-war  hospital  and  do  to  a  certain 
extent  detract  from  the  value  of  these  detailed 
observations. 

SKIN 

Dry  and  Rough  Skin:  Among  the  poor  class 
children  especially  in  South  India,  one  is  struck  with 
the  common  occurrence  of  dry  and  rough  skin.  The 
natural  gloss  is  absent,  the  skin  is  rough  to  the  feel, 
elasticity  is  diminished,  and  not  infrequently  there  is 
branny  desquamation.  Association  with  xerosis  of 
the  eye  has  been  observed  by  Gopalan  (1950)  and  with 
phrynoderma  by  Menon,  Tulpule,  and  Patwardhan 
'T950)-  Although  dry  and  rough  skin  has  been  inclu¬ 
ded  as  an  item  in  most  nutritional  survey  schedules 
in  India,  the  investigators  in  the  past  have  been 
silent  about  its  occurrence.  The  condition  is  usually 
ittributed  to  vitamin  A  deficiency  but  the  observa-? 
-ions  of  Menon,  Tulpule  and  Patwardhan  (loc.  cit) 
suggest  that  dietary  deficiency  of  fat  may  have  some- 
hmg  to  do  with  this  abnormality.  Aykroyd  and 
^ajagopal  (1936)  have  commented  upon  the  absence 

>f  dry  and  rough  skin  in  Malabar  where  oil  inunction^ 
s  common. 
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Phrynoderma  (Follicular  Hyperkeratosis): 

This  is  a  condition  manifested  as  raised  horny  papules; 
with  hyperpigmented  summits  distributed  bilaterally 
on  the  lateral  and  posterior  aspects  oflower  and  upper- 
extremities.  They  are  numerous  on  the  thigh,  the- 
arm  and  buttocks.  In  advanced  cases  they  may  also- 
be  found  on  the  forearms,  legs  and  trunk  (Fig.  XVIII)., 

Radhakrishna  Rao  ( 1 937)  studied  the  histopatho- 
logy  of  the  lesion  and  found  that  the  papules  arose?! 
from  the  pilosebaceous  follicles.  A  noninflamatory, 
hyperkeratosis  of  the  lining  epithelium  causes  a  kera¬ 
tinous  plug  to  form  at  the  mouth  of  the  follicle  and 
leads  to  its  distension.  Atrophy  of  sebaceous  glands 
was  secondary  and  due  to  pressure.  The  absence  ol 
perifollicular  vascular  changes  or  haemorrhages  in 
the  tissue  distinguishes  this  condition  from  an  almost 
similar  one  seen  in  ascorbic  acid  deficiency. 

The  condition  was  described  by  Nicholls  (1933. 
and  given  the  name  phrynoderma  or  toad  skin.  Ho 
first  saw  it  among  indentured  East  African  labourers: 
and  later  among  the  Ceylonese  children.  Later  on. 
numerous  observers  all  over  the  world  reported  th* 
occurrence  of  phrynoderma  as  a  deficiency  condition. 
The  opinion  originally  expressed  by  Nicholls  that  n 
was  a  manifestation  of  vitamin  A  deficiency  has  found 
popular  support  although  it  has  been  questioned  by 
several  workers.  Gopalan  (1947)  has  reviewe  ' 
evidence  for  and  against  the  hypothesis  of  vitamin  - 
deficiency  being  the  causative  factor.  Earlier  Aykroy 
and  Rajagopal  (.936)  had  made  a  suggestion  tha^ 
phrynoderma  may  be  due  to  deficiency  of  fat ■  I tw 
Gopalan,  however,  who  first  treate  gr0UP 

with  linseed  oil,  yeast  extract-smglyor  oge 

vitamin  A  concentrate  respectively.  He  found  p 
vitamin  «  ]inseed  oil  brought  abou 

^response  to  vitamin 


Figure  XVIII— Phrynoderma :  The  extensor  aspects  of  the  extremities  are 
involved.  The  horny  summits  of  the  keratinized  follicles  may 
be  seen  clearly  in  the  magnified  picture  on  the  left. 

(Nutrition  Museum). 
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distinct  improvement  but  a  combination  of  the  oil  and 
the  yeast  extract  gave  the  best  results.  Gopalan  also 
observed  that  in  112  cases  of  phrynoderma  seen  by 
him  only  four  had  xerosis  as  well,  whereas  94  had 
associated  symptoms  attributable  to  B2  complex 
deficiency.  This  observation  together  with  the  above 
mentioned  therapeutic  trials  strengthened  the  belief 
that  fat  deficiency  complicated  by  a  deficiency  of  one 
or  more  members  of  vitamin  B2  complex  had  some¬ 
thing  to  do  with  phrynoderma.  Three  years  later, 
Menon,  Tulpule  and  Patwardhan  (1950)  provided 
additional  proof  in  support  of  the  aetiological  role  of 
fat  deficiency.  They  found  that  children  of  compar¬ 
able  age  groups  living  on  identical  diets  but  showing 
phrynoderma  had  serum  fatty  acids  which  were  more 
saturated  than  the  serum  fatty  acids  of  children  not 
showing  this  condition.  They  treated  48  cases  with 
sesame  oil  and  marmite  singly  or  together  and  observ¬ 
ed  good  response  to  the  oil  alone.  In  all  cases  which 
responded,  the  unsaturation  of  serum  fatty  acids  rose 
to  the  normal.  Hansen  et  al  (1933,  1936  and  1937) 
had  demonstrated  the  relation  between  the  iodine 
value  of  serum  fatty  acids  and  fat  deficiency  and 
Nhavi  and  Patwardhan  (1946)  had  observed  low  un¬ 
saturation  of  serum  fatty  acids  in  persons  living  habi¬ 
tually  on  very  low  fat  intakes.  The  fact  that  the 
diet  of  the  patients  studied  by  Menon  et  al  was  un¬ 
changed  throughout  the  treatment  (the  patients  were 
the  inmates  of  an  orphanage)  and  that  no  vitamin  A 
or  its  precursor  was  included  in  the  treatment  makes 
it  fairly  clear  that  vitamin  A  is  not  involved  in  the 
aetiology  of  phrynoderma.  The  chain  of  evidence 
with  regard  to  fat  deficiency  hypothesis  is  not  yet 
complete  However,  the  evidence  produced  above 
strongly  in  favour  of  either  fat  deficiency  or 
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disturbance  in  fat  metabolism  being  the  aetiological 
factor  in  phrynoderma. 

The  incidence  of  phrynoderma  in  India  as  obser¬ 
ved  in  nutrition  surveys  has  been  illustrated  in 
figure  XIV  on  page  169.  The  very  low  incidence  in 
Bengal,  Assam  and  Delhi  is  noteworthy.  Although 
extensive  surveys  have  been  done  in  Hyderabad  State 
no  mention  seems  to  have  been  made  about  phryno¬ 
derma.  It  is  too  much  to  expect  that  the  condition 
is  completely  absent  in  children  in  that  region. 

Other  Conditions:  Gopalan  (1950)  has  listed  a 
few  other  conditions  of  the  skin  and  its  appendages 
seen  by  him  as  clinical  manifestations  of  malnutrition. 
Among  them  may  be  mentioned  the  following  two: 
(a)  lichenification  of  skin  over  the  knuckles  and  dor¬ 
sum  of  hand,  elbow  and  on  the  ankle  joints,  (b)  dif¬ 
fuse  hyperpigmentation  resulting  in  darkening  of 
complexion  and  of  skin  over  the  ends  of  extremities, 
this  was  necessarily  associated  with  pellagrous 

symptoms.  . 

There  are  several  deficiency  diseases  in  which  skin 

is  affected.  Since  the  involvement  of  the  latter  forms 
part  of  certain  well  known  syndromes,  which  are 
going  to  be  described  in  detail  later,  the  description 
of  skin  conditions  associated  with  them  will  be  defer¬ 
red  to  the  appropriate  place. 


alimentary  system 

Angular  Stomatitis:  Aykroyd  and  Krishnan 
(1006)  first  described  the  occurrence  of  angular  sto¬ 
matitis  in  India  among  school  children  in  the  vicinity 
of  Coonoor.  The  authors  mention  that  this  type  ot 
stomatitis  was  rather  common  in  children  in  Sou 
India  and  was  probably  similar  to  perleche  of  the  Fren 
writers.  Aykroyd  and  Krishnan  reported  successful 
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therapy  with  dried  yeast  and  skim  milk  powder.  Two 
years  later  they  treated  another  batch  of  boys  with 
yeast  autoclaved  at  130C  and  at  pH  9-2  for  five 
hours  also  with  good  results,  hence  they  concluded 
that  stomatitis  was  not  due  to  thiamine  or  riboflavin 
deficiency.  In  the  United  States,  Sebrell  and  Butler 
(1938,  1939)  described  similar  lesions  in  a  group  of 
women  placed  on  experimental  diets  in  whom  angu¬ 
lar  stomatitis  responded  to  administration  of  ribofla¬ 
vin  alone.  These  observations  could  explain  the 
earlier  ones  of  Aykroyd  and  Krishnan  wherein  sub¬ 
jects  obtained  relief  with  dried  yeast.  It  is,  however, 
difficult  to  reconcile  their  later  observation  on  the 
effect  of  autoclaved  yeast  extract  from  which  ribo¬ 
flavin  was  believed  to  have  been  destroyed.  In  the 
same  category  can  be  placed  the  report  of  Passmore, 
Sommerville  and  Swaminathan  (1940)  on  five  cases  of 
angular  stomatitis  with  porphyrinuria  who  improved 
on  treatment  with  100  to  400  mg.  of  nicotinic  acid 
per  day.  However,  observations  are  on  record  (Darby, 
1950)  which  indicate  that  angular  stomatitis  may 
occur  in  nicotinic  acid  deficiency,  in  which  case  the 

above  discordant  observations  could  be  satisfactorily 
explained.  7 


Karunakaran  and  Nair  (1940)  have  reported  on 
92  cases  of  deficiency  disease  in  an  asylum  in  Travan. 
core.  Of  these,  81  had  scrotal  eczema,  60  showed 
angular  stomatitis  and  58  glossitis  which  appears 
from  their  description  to  have  been  of  atrophic  type. 

the  three  conditions  responded  to  treatment  with 
niarmne  or  butter  milk.  The  authors  also  tested  the 
efficacy  of  cod  liver  oil  and  found  that  it  caused  a 
certain  improvement  in  scrotal  eczema  but  complete 
cure  was  obtained  only  on  treating  with  marmfie 
butter  milk  (which  is  milk  soured  Tnd  sklmmedT 
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Mitra  (1943)  treated  32  boys  showing  angular  stoma¬ 
titis,  glossitis  and  scrotal  dermatitis  with  shark  liver 
oil,  skim  milk,  dried  yeast,  nicotinic  acid  and  ribo¬ 
flavin  given  separately  to  different  individuals.  Skim 
milk  and  riboflavin  each  caused  good  improvement, 
but  the  best  and  most  rapid  results  were  obtained  by 
combining  nicotinic  acid  and  riboflavin.  Mitra  also 
observed  that  on  nicotinic  acid  alone,  soreness  and 
burning  of  mouth  decreased  but  angular  stomatitis 
deteriorated.  The  above  two  reports  show  that  ribo¬ 
flavin  deficiency  results  in  angular  stomatitis  but  that 
the  picture  may  be  complicated  by  nicotinic  acid 
deficiency  and  manifest  itself  as  red  raw  tongue  and 
accentuated  dermatitis  of  the  scrotum.  That  genitals 
may  be  affected  in  ariboflavinosis  is  shown  by  two 
further  publications,  one  by  Vakil  (1945)  and  the 
other  by  Gopalan  (1946).  The  former  describes  one 
case  with  vulvitis  in  a  girl  of  18  showing  angular 
stomatitis  as  well,  both  conditions  responding  to 
injections  of  riboflavin.  Gopalan  lists  leucorrhoea, 
pruritus  vulvae,  varying  degrees  of  vulval  inflamation 
and  vulvo-vaginitis  in  women  of  child  bearing  age 
and  prepucial  ulceration  in  the  adult  males  as  associ¬ 
ated  symptoms  of  ariboflavinosis.  In  all  these  cases 
cures  had  been  obtained  by  riboflavin  alone. 

Glossitis:  The  involvement  of  the  tongue  is 

common  in  deficiencies  of  riboflavin  and  mcotimc 
acid,  and  in  macrocytic  anaemias.  A  detailed  di 
cussion  of  the  aetiology  of  glossitis  and  associated 
clinical  conditions  would  be  outside  the  scope  of  th 
book  In  India  too,  the  occurrence  of  glossitis  with 

or  without  other  nutritional  deficiency  manifestations 

has  been  reported  on  several  occasions.  One  repo 
however,  deserves  special  mention.  Fitzgera  (193  ) 
reports  an  outbreak  of  glossitis  in  Assam  Jail  where 
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one-third  of  the  total  population  of  400  was  affected. 
The  tongue  showed  patchy  desquamation  of  varying 
degrees,  papillae  were  either  hypertrophied  or  atro¬ 
phic,  colour  pale  and  glazed  or  red  and  raw;  Assuring 
and  indentation  were  also  present.  Glossitis  was  ac¬ 
companied  by  burning  pain  on  eating  and  swallowing, 
abdominal  discomfort  with  pain,  eructation,  flatulence 
and  diarrhoea.  In  three  cases  there  was  tingling  and 
numbness  and  in  two  symmetrical  dermatosis.  The 
outbreak  occurred  in  monsoon  months,  70  per  cent 
of  the  cases  recovered  without  treatment,  in  others  one 
ounce  of  dried  yeast  per  day  brought  on  cure  in  93  per 
cent  of  those  treated.  From  the  general  description 
it  appears  as  if  the  glossitis  was  due  to  a  multiple 
deficiency  of  more  than  one  member  of  the  B2  com¬ 
plex.  That  70  per  cent  of  the  untreated  cases  im¬ 
proved  spontaneously  suggests  that  this  effect  may 
have  been  due  to  some  change  in  the  dietary  which 
did  not  receive  as  close  attention  as  it  should  have 
for  at  that  time  the  relation  between  deficiency  con¬ 
dition  and  glossitis  had  not  been  fully  proved. 

Glossitis  has  also  been  reported  in  a  few  nutrition 
surveys  done  in  India  particularly  in  Hyderabad  State 
where  its  incidence  among  children  was  found  to  vary 
between  0-5  to  1-2  per  cent.  It  should  be  considered 
significant  that  in  the  same  child  population  the  inci¬ 
dence  of  angular  stomatitis  was  between  i-i  to  6*6 
per  cent.  Whether  both  these  conditions  existed  in 
the  same  children  is  difficult  to  decide  in  the  absence 
of  any  details. 

Stomach-Gastric  Ulcer:  Attempts  have  been 
made  in  India  to  correlate  the  deficient  dietaries  and 
the  incidence  of  peptic  ulcer.  McCarrison  (1931)  fed 
two  groups  of  rats  diets  consisting  of  rice  or  a  mixture 
of  equal  parts  of  rice  and  tapioca  to  which  were  added 


214 


NUTRITION  IN  INDIA 


fish,  chillies  and  tamarind.  The  dietswere  so  devised 
as  to  be  similar  to  those  consumed  by  human  beings 
in  Travancore,  where  peptic  ulcer  was  believed  to  be 
fairly  common.  Out  of  18  rats  kept  on  rice  and 
tapioca  diets  seven  developed  ulcers  0-5  to  i-o  cm.  in 
diameter  either  in  the  squamous  or  the  mucous  regi¬ 
ons  of  the  stomach  and  three  showed  symptoms  of 
gastritis.  In  the  rice  groups  only  two  showed  gastric 
ulcer.  McCarrison  believed  that  tapioca  diet  predis¬ 
posed  to  gastric  ulcer.  Rao  (1938)  found  that  in 
patients  of  gastric  ulcer  of  1^  to  15  years  duration  the 
bisulphite  binding  substances  (B.B.S.)  of  blood 
showed  a  substantial  increase  over  the  normal  values. 
The  pyruvic  acid  content  of  blood  formed  2-6  to  96 
per  cent  of  the  total  B.B.S.  From  these  results  Rao 
concludes  that  in  peptic  ulcer  cases  a  vitamin  Bi 
deficiency  exists.  This  may  well  be  true,  but  the  Bi 
deficiency  may  be  due  to  continued  dietary  restriction 
either  voluntary  or  under  medical  advice,  for  such 
secondary  deficiencies  are  known  to  occur  in  several 
chronic  diseases.  Rao  (1938)  determined  the  blood 
level  of  ascorbic  acid  of  proved  peptic  ulcer  patients 
and  found  it  between  0.40  to  1-92  mg.  per  cent,  i.e. 
within  the  normal  range;  he,  therefore,  does  not 
believe  that  vitamin  C  deficiency  has  any  aetiological 
role  in  peptic  ulcer.  On  the  other  hand,  Rao  (1937) 
is  of  the  opinion  that  the  hyperacidity  and  hyper¬ 
motility  of  stomach  seen  in  normals  in  Vizagapatam 
may  be  one  of  the  predisposing  factors.  His  sugges¬ 
tion  was  based  on  the  results  of  an  investigation  on 
gastric  function  of  100  healthy  normals.  In  80,  he 
found  higher  values  for  the  range  of  initial  acidity  and 
maximum  acidity.  Pepsin  content  of  the  juice  and 
the  motility  of  stomach  were  also  higher  as  compare 
to  Ryle’s  series.  In  a  further  communication  Rao 


DEFICIENCY  DISEASES 


215 


(1939)  concludes  that  spices  in  Indian  diets  do  not 
cause  continuous  irritation  since  no  abnormal  quan¬ 
tities  of  mucus  were  found  in  gastric  juice  specimens. 
He  argues  that  probably  lower  protein  and  B-com- 
plex  content  of  diets  together  with  hyperacidity  act 
as  predisposing  factors  for  peptic  ulcer.  There  is  no 
further  evidence  forthcoming  in  support  of  either  of 
these  hypotheses.  On  the  other  hand,  recent  evidence 
(Lancet,  1949)  shows  that  hyperacidity  does  not 
damage  gastric  mucosa  and  that  on  biopsy  of  gastric 
mucosa  through  gastroscope,  lesions  heal  as  rapidly 
in  subjects  with  hyperacidity  as  in  normals. 

Intestines  : — Diarrhoea  as  a  symptom  of  nutritio¬ 
nal  disorder  has  been  encountered  in  children  as  well 
as  adults.  Earlier  experimental  work  of  McCarrison 
(1921)  had  indicated  the  relationship  between  poor 
diets  and  intestinal  function  and  integrity  of  its  struc¬ 
ture.  His  extensive  researches  had  demonstrated 
such  effects  as  atrophy  of  the  myenteron,  degenerative 
changes  in  the  plexus  of  Auerbach,  atrophy  and  in- 
flamation  of  the  mucous  membrane,  etc.,  in  pigeons, 
guinea  pigs  and  monkeys.  Rao  (1942)  fed  young 
monkeys  on  poor  South  Indian  rice  diet  and  produc¬ 
ed  similar  lesions  in  the  intestinal  tract.  Aykroyd 
(1942)  had  pointed  out  that  the  recorded  death  rate 
from  dysentery  and  diarrhoea  in  Punjab  was  usually 
1/4  to  1/6  that  prevailing  in  certain  southern  provin¬ 
ces  of  India.  He  thought  that  the  better  dietary  of 
Punjabis  was  probably  responsible  for  the  low  incid¬ 
ence  of  lethal  gastrointestinal  disorders. 

Heilig  (1943)  has  reported  upon  the  successful 
treatment  of  nonspecific  diarrhoeas  with  nicotinic 
acid  in  Mysore  hospitals.  From  Gujerat,  Cook  (1944) 
describes  50  cases  of  watery  diarrhoea  in  malnourish¬ 
ed  people  showing  the  associated  signs  and  symptoms 
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of  malnutrition  such  as  weight  loss,  glossitis,  pares¬ 
thesias,  anaemia,  oedema  of  legs  and  pigmentation  of 
pellagrous  distribution.  The  cases  responded  to  nico¬ 
tinic  acid,  which  controlled  the  diarrhoea  within  48 
hours.  Cook  believes  that  diarrhoea  in  his  cases  was 
indeed  a  manifestation  of  malnutrition,  for  poor  peo¬ 
ple  in  Gujerat  live  on  diets  rich  in  carbohydrate  and 
poor  in  protective  foodstuffs.  According  to  him  the 
condition  is  fairly  common  in  Gujerat  among  such 
people  and  is  the  cause  of  much  ill-health.  Aykroyd 
and  Gopalan  (1945)  investigated  in  detail  54  cases  of 
chronic  diarrhoeas  in  Madras.  They  eliminated  other 
causes  by  a  careful  clinical  investigation  together  with 
microscopic  and  cultural  examination  of  stools.  The 
condition  described  by  them  was  insidious  in  onset 
and  had  started  with  occasional  loose  stools.  In 
severe  cases  10  to  12  stools  were  passed  per  day. 
There  was  no  abdominal  pain  or  griping  and  no 
tenesmus,  although  general  abdominal  discomfort 
was  present.  Sore  tongue  was  present  in  49  cases  and 
dependent  oedema  in  25,  glossitis  appearing  at  about 
the  same  time  as  diarrhoea  and  oedema  about  a 
couple  of  months  later.  In  36  cases  there  was  atro¬ 
phic  glossitis  with  fissured  tongue  while  in  13  the 
glossitis  was  of  the  hypertrophic  variety.  In  15  there 
was  ‘crazy  pavement  dermatosis’  unlike  that  found  in 
pellagra.  In  28  cases  there  was  achlorhydria  (action 
of  histamine  not  tested)  and  in  15  hypochlorhydna. 
Response  to  a  daily  administration  of  50-100  mg. 
nicotinic  acid  intramuscularly  was  rapid,  the  impro¬ 
vement  being  apparent  after  the  third  injection.  In 
all  the  30  cases  diarrhoea  stopped  within  12  days. 
Oedema  disappeared  only  after  the  Patl®"*S 
placed  on  hospital  diet  subsequent  to  the  control  0 
diarrhoea.  Glossitis  improved  only  slight  y  an  n 
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striking  change  in  dermatosis  was  noticed.  Eleven 
cases  returned  to  hospital  within  two  months  after 
discharge  and  were  again  cured  with  nicotinic  acid. 
The  authors  believe  that  rapid  improvement  on  treat¬ 
ment  cannot  be  ascribed  entirely  to  the  restoration 
of  the  normal  condition  of  the  possibly  atrophied 
mucosa,  but  that  it  suggests  the  correction  of  some 
functional  disturbance  in  the  nervous  control  of  in¬ 
testinal  peristalsis.  Singh  (1945)  reports  on  26  cases 
of  fatty  diarrhoeas  in  Indian  troops  in  a  forward 
area  probably  as  a  result  of  dietary  restriction.  Fat 
in  the  stools  varied  from  38  to  71  per  cent  of  which 
split  fat  was  37.5  per  cent.  Nicotinic  acid  orally  was 
found  ineffective.  The  patients  were  treated  with 
good  hospital  diet  and  sulphaguanidine.  Autopsy 
findings  in  three  fatal  cases  were  generalised  atrophy 
of  intestinal  musculature  with  fibrosis  in  subepithelial 
and  submucous  tissues. 


Sprue  :  There  have  been  several  investigations 
on  sprue  in  India.  There  was  a  belief  current  in  the 
early  days  that  only  Europeans  in  India  suffered  from 
sprue  and  that  Indians  were  immune  from  attack. 
Fairley  and  Mackie  (1926)  remarked  that  although 
the  former  may  be  the  case  the  latter  was  not  neces¬ 
sarily  correct.  These  authors  were  of  the  opinion 
that  sprue  might  be  a  virus  disease,  a  conclusion  we 
now  know  not  to  be  correct.  They  investigated  gas¬ 
tric  and  pancreatic  function  and  found  both  to  be 

an^th  K°°d  P1CtUFe  revealed  macrocytic  anaemia 
0“?.  he  b°n5,  marr°w  a  megaloblastic  reaction 
Sokhey  and  Malandkar  (1928)  concluded  on  the 
basis  of  stool  analyses  that  pancreatic  function  in 

TTTu  n0t  affeCtCd-  Mackie  and  Fairley  (IQ2P) 
stuched  the  pathology  of  intestinal  tract  in  eigL  case 

dymg  of  sprue  and  were  of  the  opinion  that  sprue 
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was  a  disease  of  the  intestinal  tract  which,  if  progres¬ 
sive,  resulted  in  the  degeneration  and  destruction  of 
the  absorbing  and  secretory  function  leading  to  slow 
starvation.  Anaemia  and  other  manifestations  of 
the  disease  were,  according  to  them,  due  to  the 
absorption  of  toxins  from  the  damaged  intestinal 
mucosa. 

Ramanujayya  (1930)  described  five  cases  of  sprue 
from  Madras.  Malcomson  and  Murthy  (193 0  had 
also  reported  the  occurrence  of  sprue  among  Indians 
in  Madras.  Hance  (1930)  treated  26  cases  of  chronic 
diarrhoeas  in  Kathiawar  of  which  20  were  of  typical 
sprue.  Therapy  was  so  mixed  consisting  of  autovac¬ 
cine,  emetine  and  kurchi  extract, -dilute  hydrochloric 
acid  and  liver  diet  of  Minot  and  Murphy  that  it  is 
difficult  to  assess  its  value.  The  author  was  no  doubt 
motivated  by  (a)  Hurst’s  hypothesis  of  intestinal 
ulceration  by  haemolytic  streptococci  and  streptococ- 
al  toxins  and  (b)  finding  of  Entamoeba  hystolytica  cysts 
in  majority  of  cases,  since  he  considered  that  both 
these  may  be  predisposing  factors  in  sprue.  Chau- 
dhuri  and  Rai  Chaudhuri  (i944)  described  22  cases 
of  sprue-like  diarrhoea  from  Calcutta.  The  patients 
suffered  from  indigestion,  flatulence,  anorexia 
asthenia,  loose  irregular  motions  at  any  time  of  the 
day,  glossitis,  macrocytic  anaemia  and  cma^° ^ 
In  all  of  them  there  was  a  history  of  dysentery  or 
colitis  treated  unsatisfactorily  and  causing 
of  diets  for  prolonged  periods.  In  15  cases i 
was  2*s  to  33  per  cent  on  a  standard  diet  contain 1  g 
~5  fat  Glucose  tolerance  curve  was  flat. 
i°°  gI";  J:  e  kfpt  on  liquid  die,  followed  by  «he 
solid  hospital  diet  as  the  patients  ^P-ded  to  treaP 
*  Prude  liver  extract  injections  were  g 
The  authors  distinguish  the  condition  from  sprue  y 
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calling  it  para-sprue.  Even  if  this  distinction  is  ac¬ 
cepted  the  syndrome  appears  to  be  closely  related  to 
sprue  in  most  respects.  Karamchandani  and  Hyder 
(1946)  treated  242  cases  of  sprue  in  Indian  troops  at 
a  hospital  during  World  War  II.  Of  these,  31  had 
amoebic  infection  as  well.  The  treatment  was  with 
raw  liver  juice  from  eight  ounces  of  liver  or  with  liver 
extract  parenterally  when  the  latter  was  available. 
The  cure  was  complete  in  129  patients,  22  showed  no 


improvement  and  the  remainder  improved  to  varying 
degrees.  Detailed  studies  on  sprue  in  India  in  more 
recent  times  are,  however,  rare.  Black  and  Fourman 
(*945)  examined  over  150  stools  of  military  patients 
admitted  to  hospital  clinically  diagnosed  as  sprue. 
The  stools  were  examined  three  days  after  the 
patients  were  kept  on  a  diet  containing  70  gm.  fat 
per  day.  In  102  stools,  fat  content  was  25  to  40  per 
cent.  Fat  globules  were  seen  in  only  3,  soap  plaques 
m  7  and  fatty  acid  crystals  in  55.  The  authors  are 
3f  the  opinion  that  mere  microscopic  examination  is 
fiot  enough  to  distinguish  between  pancreatic  steator- 

rhoea  and  sprue  stools,  chemical  examination  being 
lecessary.  & 

It  is  somewhat  surprising  that  after  the  apear- 
mce  of  folic  acid  on  the  scene  there  have  been  no 
urther  reports  on  sprue  with  the  exception  of  one  by 
iamalingaswami  and’Menon  (1949)  who  describe  the 
reatment  of  one  case  with  folic  acid.  They  found 

>anieadbvthh  "T  ^  C'iniCal  imP™vement  accom- 
earned  by  the  amelioration  of  macrocytic  anaemia 

laemopoietic  response  did  not  proceed  beyond  a  cer 
.rote^bT'  ,F,Urther  resPonse  was  only  obtained  when 

>941)  ..d  „f  s, 
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A  good  account  of  sprue  has  been  published  by  the 
Medical  Directorate  of  the  Indian  Army  (1948).  A 
sprue  research  team  was  formed  in  1945  to  investigate 
the  large  number  of  sprue  cases  occurring  among 
the  British  personnel  engaged  in  fighting  on  the  Burma 
Front.  Although  over  a  thousand  cases  of  sprue  were 
seen,  detailed  investigations  were  limited  to  80  only 
owing  to  various  circumstances  beyond  the  control  of; 
the  investigators.  In  these  eighty  cases  the  studies: 
covered  careful  clinical  examination,  x-rays  withi 
barium  meal,  biochemical  investigations  involving, 
analyses  of  faecal  fat  and  serum  lipoids  and  experi¬ 
ments  on  fat  absorption,  etc.,  and  evaluation  of  treat¬ 
ment  with  diets,  yeast  extracts  and  liver  preparations. 

The  disease  occurred  among  the  British  personnel 
from  within  six  months  to  over  three  years  of  service 
in  India.  The  largest  number  of  cases  gave  a  history; 
of  onset  between  1  to  2  years  of  service.  The  case; 
presented  a  varied  picture  from  classical  sprue  synd¬ 
rome  to  less  typical  features  such  as  steatorrhoes 
without  glossitis  or  vice  versa.  The  most  common 
symptoms  were  disturbances  in  appetite,  diarrhoeai 
weakness  and  loss  of  weight  accompanied  to  a  slight!) 
lesser  extent  by  flatulence,  glossitis,  heart  burn  ana 
abdominal  distension.  The  condition  was  marked  b 
frequent  remissions  and  relapses.  In  the  ear  y  tag  _ 
remission  could  be  brought  about  by  hospitalisation 
,  trood  diet  This  was  followed  by  relapse  whei 

dysenteric  disorders  was  no  more  common  in  spru 
rases  than  in  340  non-sprue  control  cases.  The  bloo 
picture  gave  evidence  of  macrocytic  anaemia  in  £ 
P  Pnt  macrocytosis  alone  with  normal  haemogla 

Z  level  Zric.  count  in  30  ^ 

chromic  anaemia  in  9  per  cent.  The  x-ray 
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revealed  obliteration  of  mucosal  pattern  in  the  jeju¬ 
num  and  bolus  formation  with  aggregation  of 
barium  in  large  lumps  in  the  coils  of  small  intestine. 
Gross  variations  in  the  rate  of  passage  through  the 
intestinal  tract  were  recorded.  A  reference  to  faecal 
fat  studies  by  Black  and  Fourman  (i945)  has  already 
been  made.  The  rate  and  the  extent  ot  fat  absorp¬ 
tion  as  indicated  by  chylomicron  technique  were 
much  reduced.  Defects  in  carbohydrate  and  protein 
absorption  were  also  noticed.  A  majority  of  patients 
were  treated  with  high  protein  hospital  diets  in  which 
was  incorporated  cooked  liver  with  or  without  a  sup¬ 
plement  of  yeast  extract.  Parenteral  liver  therapy 
was  needed  only  in  severe  cases  and  in  those  not  res¬ 
ponding  to  dietary  treatment.  The  response  to 
dietary  treatment  alone  was  good,  but  as  the  cases 
were  invalided  to  England  and  not  followed  up  it  is 
difficult  to  say  (as  the  report  admits)  if  remission 
:ould  be  considered  as  a  cure. 

In  conclusion  it  is  mentioned  that  sprue  might 
sxist  with  steatorrhoea  and  loss  of  weight  as  the  only 
presenting  symptoms.  Those  which  appear  later,  such 
is  diarrhoea,  anaemia,  glossitis,  etc.,  may  result  from 
secondary  deficiencies.  The  factor  which  is  respon¬ 
sible  for  defect  in  fat  absorption  and  steatorrhoea  is 
mknown  though  it  could  be  folic  acid.  The  report 
s  an  excellent  example  of  the  results  which  could  be 
ichieved  by  team  work  in  the  study  of  a  disease 
•yndrome  and  would  well  repay  careful  study. 

Ramalingaswami,  Venkatachalam  and  Menon 
1948)  have  described  a  condition  among  children 
vith  diarrhoea,  oedema  and  dermatosis  with  or  with¬ 
out  associated  symptoms  of  B-complex  deficiency 
I  hey  believed  that  the  syndrome  was  identical  with 
kwashiorkor  or  Malignant  Malnutrition  described  by 
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Williams,  Trowell,  Giilman  and  others  from  different: 
parts  of  the  African  Continent.  This  syndrome  hasr 
attracted  considerable  notice  in  India  recently  and. 
will  be  treated  elsewhere  in  greater  detail. 

Another  interesting  report  on  nutritional  diar¬ 
rhoeas  among  children  is  that  of  Ramalingaswamii 
(1948)  which  describes  diarrhoea  as  a  manifestation! 
of  vitamin  A  deficiency.  The  patients  were  children! 
between  2^  to  9  years  of  age,  derived  from  labour 
classes  in  the  Nilgiris,  particularly  from  the  tea  plan¬ 
tations.  Twenty  cases  were  investigated  and  treated. 
Diarrhoea  was  of  1-2  months’ duration  and  watery  ini 
type  accompanied  by  Bitot’s  spots  in  13  and  kerato¬ 
malacia  in  six  patients.  The  author  also  mentions! 
the  presence  of  generalized  dry  skin  in  18,  phryno- 
derma  in  8,  and  dry  brittle  and  lustreless  hair  in  18- 
patients;  seven  had  pitting  oedema.  A  careful  micros¬ 
copic  examination  of  the  stools  was  done  to  eliminate 
any  organic  or  specific  cause  for  diarrhoea.  Fifteen 
cases  were  treated  with  1  c.c.  vitamin  A  concentrate 
(Prepalin)  equivalent  to  72,000  I.U.  of  vitamin  A. 
Diarrhoea  was  controlled  within  48  hours.  The 
treatment  was  continued  for  seven  to  ten  days  after 
which  the  children  were  put  on  shark  liver  oil.  Kera¬ 
tomalacia  and  Bitot’s  spots  responded  very  well 
although  follicular  hyperkeratosis  did  not  improve. 
Three  cases  were  treated  with  kaolin  and  bismut 
carbonate,  diarrhoea  was  reduced  but  still  continued 
even  after  three  days.  In  two  cases  treated  with 
sulphaguanidine  diarrhoea  was  not  affected  at  a 
When  all  these  five  were  placed  on  vitamin  A  con¬ 
centrate  the  diarrhoea  was  controlled  within  4 
hours  as  in  other  patients  of  the  series  The  role  0 
faulty  diets  in  causing  degenerative  changes  in  . 
intestinal  mucosa  has  been  discussed  above. 
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probable  that  in  the  condition  described  by  Rama- 
ilingaswami,  there  was  present  a  multiple  deficiency, 
but  it  is  not  to  be  doubted  that  the  predominant 
deficiency  was  that  of  vitamin  A.  The  presence  of 
chronic  diarrhoea  must  have  superimposed  a  second¬ 
ary  deficiency  on  the  already  existing  one  and  brought 
about  changes  attributable  to  severe  vitamin  A  defi¬ 
ciency  such  as  keratomalacia  and  Bitot’s  spots. 


NERVOUS  SYSTEM 

Sensory  System  :  The  involvement  of  the  sen¬ 
sory  system  resulting  in  loss  of  sensation,  hyperaes- 
thesia  and  paresthesia  is  not  infrequently  seen  in 
diseases  due  to  deficiency  of  vitamins  of  the  B-com- 
plex.  In  the  section  on  diarrhoeas  reference  has 
been  made  to  the  fact  that  disturbances  in  sensory 
function  were  often  complained  of  by  a  fair  propor- 
.ion  of  patients.  Oisturbances  resulting  from  lesions 
)f  a  major  sensory  nerve  such  as  the  optic  nerve  have 
3een  described  under  the  section  dealing  with  the 
;ye-  Under  the  present  section  will  be  discussed 
)nly  the  “burning  feet  syndrome.” 

Peraita  (1942)  in  Spain  had  described  a  paresthe- 
ic  causalgic  syndrome  among  the  victims  of  famine. 
>pillane  and  Scott  (1945),  Harrison  (1946)  and  Simp¬ 
lon  (1946)  had  all  described  the  syndrome  in  the 
pastern  theatre  of  World  War  II.  Simpson  observed 
hat  scrotal  and  oral  lesions  of  ariboflavinosis  pre- 
:eded  the  appearance  of  burning  feet.  The  pain  was 
ocahsed  to  the  metatarsophalangeal  region  on  the 
antar  surface  and  was  bilateral.  It  was  worse  at 
light  causing  insomnia.  In  some  cases  the  pain 
pread  over  to  the  dorsum  of  the  foot  also.  He  found 
hiamine  and  vitamin  A  ineffective  but  yeast  or 
haseohs  radxalus  brought  about  a  cure  in  4  to  6  weeks 
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and  other  symptoms  improved  too.  Stannus  (1944); 
also  seemed  to  be  of  the  opinion  that  burning  feetl 
was  a  manifestation  of  ariboflavinosis.  Gopalan: 
(1946)  whose  paper  appeared  about  six  months: 
earlier  than  Simpson’s  has  carefully  distinguished: 
burning  feet  from  peripheral  neuritis  of  Bi  deficiency. 
Gopalan  also  obtained  cure  in  13  cases  with  a  mar- 
mite-like  yeast  preparation.  He,  however,  went  a 
step  further  and  tried  the  therapeutic  effect  of  a 
single  member  of  the  B-complex  at  a  time.  Thia¬ 
mine,  riboflavin,  and  nicotinic  acid  were  without 
effect.  Taking  his  cue  probably  from  the  observa¬ 
tions  of  Philips  and  Engel  (1939)  and  of  Wintrobe 
et  al  (1940,  1942)  that  pantothenic  acid  deficiency 
may  cause  lesions  of  spinal  cord,  he  tried  this  vitamir 
in  his  patients.  Ten  cases  were  treated  with  calciurr 
pantothenate  by  daily  intramuscular  injections  of  2( 
to  40  mg.  per  day.  Complete  cure  was  obtained  11 
three  weeks  in  all  these  cases.  The  burning  sensatior 
disappeared  first  followed  by  the  disappearance  0 
hyperidrosis.  The  feeling  of  “pins  and  needles”  wa 
the  last  to  disappear.  In  discussing  the  mechanisn 
of  the  syndrome,  Gopalan  seems  to  be  undecide< 
between  it  being  due  tp  (a)  abnormal  and  excessiv 
stimulation  of  the  peripheral  sensory  nerve  ending 
by  certain  accumulated  products  of  deranged  meta 
bolism  and  ( b )  vasomotor  disturbances. 

The  diagnosis  of  burning  feet  syndrome  must  b 
difficult  mainly  because  reliance  has  to  be  placed  0 
subiective  symptoms  described  by  the  patient.  Ther 
is  no  method  of  objectively  diagnosing  the  conditio 
Liomann  and  Kaplan  (1946  a,  1946  b)  had  shown  <■ 

coenzyme  A  concerned  with  acetylation  tn  vit 

contains  large  amounts  of  ,a& 

and  Hegsted  (1948)  found  a  decrease  in  acetyla 
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of  para-aminobenzoic  acid  by  pantothenic  acid  defici¬ 
ent  rats.  When  pantothenate  was  administered  there 
was  a  restoration  of  the  rats’  capacity  to  acetylate 
para-aminobenzoic  acid.  Sarma,  Menon  and 
Venkatachalam  (1949)  observed  that  in  patients  of 
burning  feet  syndrome  there  was  a  similar  lowering  in 
acetylation  of  para-aminobenzoic  acid  which  improv¬ 
ed  on  treatment  with  pantothenate  but  not  with  ribo¬ 
flavin.  These  authors  suggest  that  a  test  could  be 
developed  along  these  lines  to  aid  in  the  diagnosis  of 
the  syndrome. 

The  therapeutic  effect  of  pantothenate  was  most 
remarkable  and  leads  one  to  the  assumption  that 
burning  feet  syndrome  must  be  a  result  of  pantothe¬ 
nic  acid  deficiency.  That  there  was  an  associated 
deficiency  of  other  members  of  the  B2  complex,  parti¬ 
cularly  that  of  riboflavin,  can  be  seen  by  the  other 
signs  and  symptoms  which  accompanied  burning  feet. 
It  is,  however,  difficult  to  explain  how  on  a  diet 
generally  poor  in  B  vitamins,  as  the  poor  South 
Indian  diets  are,  deficiency  of  a  minor  member  of  the 
family  becomes  so  predominant,  as  to  be  the  chief 
cause  of  complaint.  We  are  aware  of  the  fact  that 
this  is  not  an  isolated  instance,  if  macrocytic  anaemias 
are  considered  to  be  due  to  deficiency  of  folic  acid 
and/or  vitamin  B12  they  would  be  other  examples  of  a 
minor  vitamin  creating  a  major  deficiency.  Probably 
our  conception  of  a  minor  vitamin  requires  reorien- 


Motor  System-Spastic  Paraplegia:  Gopalan 
(I950)  has  reported  61  cases  of  spastic  paraplegia  from 

Madra  for  which  no  definite  P  ^  Pou]P  eg-froa, 

he  patients  were  invariably  from  the  poor  classes 

ff  efr  unsatlsfactory  dietary  history.  They  did 
ncasuffer  from  any  systemic  nervous  disease  nor  wfs 
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there  any  evidence  of  local  lesions  of  spinal  cord  or 
its  meninges.  Kahn  and  Wasserman  tests  on  blood 
and  cerebrospinal  fluid  were  negative;  the  cell  count, 
protein,  chloride  and  sugar  of  cerebrospinal  fluid  were 
within  normal  limits.  The  subjects  were  adults,  the 
onset  in  most  insidious  but  in  some  sudden.  The 
patients  complained  of  stiffness  and  weakness  of  the 
lower  limbs  and  in  advanced  cases  were  unable  to  use 
them.  A  few  cases  complained  of  burning  feet.  There 
were  no  other  signs  of  sensory  disturbance  nor  any 
associated  signs  and  symptoms  of  malnutrition. 
Cranial  nerves  were  normal,  upper  extremities  were 
normal.  The  loss  of  power  and  spasticity  was 
confined  to  lower  extremities  only.  The  abdominal 
reflexes  were  normal  and  in  some  cases  brisk.  The 
knee  and  ankle  jerks  were  exaggerated  with  ankle 
clonus  in  several  and  muscles  were  spastic.  Plantar 
response  was  extensor.  No  cause  could  be  found  for 
this  syndrome.  The  only  connection  it  may  have 
with  nutrition  or  diet  is  the  observation  that  a  similar 
syndrome  called  Lathyrism  (to  be  described  later)  is 
associated  with  the  consumption  of  Lathyrus  pulse. 
Further,  certain  observers  have  noticed  spastic  para¬ 
plegia  in  prisoners  of  war  held  by  the  Japanese 
(Spillane  1947).  Spillane  thinks  that  the  condition 
originates  in  malnutrition  although  the  mode  of 
involvement  of  the  pyramidal  tract  is  unknown. 

There  is  one  difference  between  the  cases  reporte 
by  Gopalan  and  those  referred  to  by  Spillane  which 
must  be  mentioned  here.  Apart  from  a  few  ol 
Gopalan’s  cases  complaining  of  burning  feet  none  in 
this  series  seems  to  have  suffered  from  other  distur¬ 
bances  in  the  sensory  nervous  system  whereas  in  pr  _ 
soners-of-war  in  the  Far  East  spastic  paraplegiac«« 
had  a  varied  and  prolonged  history  of  sens  y 
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disturbances  and  also  of  malnutrition.  Thus  there  is  a 
greater  probability  of  malnutrition  being  the  contri¬ 
butory  factor  in  the  latter  than  in  Gopalan’s  cases. 
However,  in  absence  of  any  conclusive  evidence  it 
would  be  advisable  to  let  the  matter  rest  till  more 
information  becomes  available. 


BERI-BERI 


The  rice  eating  population  of  India  amounts  to 
more  than  half  of  the  total  population  and  yet  beri¬ 
beri  is  endemic  in  certain  restricted  areas  only.  Of 
these  the  most  important  are  the  districts  of  Ganjam, 
Vizagapatam,  Godavari,  Krishna,  Guntur  and  Nel- 
lore — all  in  the  old  Madras  Presidency.  Apart  from 
these,  a  few  circumscribed  areas  in  Bengal  and  Assam 
are  also  endemic  for  beri-beri.  Isolated  and  sporadic 
outbreaks  of  beri-beri  have  not  infrequently  been 
reported  from  other  parts  of  India  as  well. 

The  occurrence  of  beri-beri  in  Madras  was  first 
described  byMalcomson  in  1835,  i.e.,  long  before  the 
advent  of  rice  mills.  According  to  him  beri-beri  pre¬ 
vailed  extensively  in  the  north-east  coast  division  of 
Madras  Presidency  and  emigrants  from  the  endemic 


areas  were  also  prone  to  the  attack  of  this  malady  in 
whatever  part  of  India  they  migrated  to.  In  a  detailed 
survey  of  the  beri-beri  problem  in  relation  to  rice 
McCarrison  and  Norris  (1924)  not  only  confirm  the 
endemicity  of  beri-beri  in  the  above  mentioned  districts 
of  Madras  Presidency  but  they  throw  additional  light 
on  its  relationship  to  rice  and  rice  diets.  According 
to  them  beri-beri  outbreaks  outside  the  endemic  areas 
were  few  and  confined  to  troops,  jails  and  emigrants 

th%ende,mic  ar5as-  Beri.beri  prevailed  fn  the 
Madras  Presidency  for  the  most  part  in  localities 
here  raw  nee,  whether  home-pounded  or  milled,  was 
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in  general  use.  Where  parboiled  rice  was  in  use  beri¬ 
beri  was  practically  unknown.  In  endemic  areas, 
consumers  of  parboiled  rice  did  also  suffer  from  beri¬ 
beri  but  the  incidence  in  these  people  was  far  less 
than  in  those  habitually  consuming  raw  rice.  Besides, 
people  living  on  millets  such  as  cholam  or  ragi  in 
addition  to  rice  may  be  susceptible  to  beri-beri. 
McCarrison  and  Norris  also  draw  attention  to  the 
fact  that  although  in  Madras  Presidency  there  was  a 


rough  parallelism  between  beri-beri  incidence  and 
distribution  of  modern  rice  mills,  there  was  none  in 
the  rice  eating  regions  of  Bombay  Presidency.  The 
authors  were  drawn  to  the  conclusion  that  apart  from 
rice  the  other  constituents  of  diet  played  an  equally 
important  part  in  preventing  the  onset  of  beri-beri. 
In  this  they  may  be  correct.  One  observation  of 
McCarrison  and  Norris  throws  considerable  light  on 
the  somewhat  puzzling  finding  that  beri-beri  was 
common  even  in  persons  consuming  home-pounded 
rice.  They  refer  to  the  practice  of  keeping  cooked 
rice  covered  with  water  overnight  intended  for  con¬ 
sumption  the  ne*t  day.  Some  people  drank  the  steep 
water,  but  poorer  people  consuming  inferior  grades 
of  rice  preferred  to  throw  away  the  smelly  liquid. 
Washing  of  rice  in  repeated  changes  of  water  prior  to 
cooking  is  a  universal  practice  among  rice  eaters. 
Recent  researches  have  shown  that  washing  remove 
a  substantial  part  of  thiamine  contained  in  rice.  Thus 
it  is  possible  that  the  practice  of  thorough  washing 
coupled  with  allowing  the  cooked  rice  to  steep  o 
Xht  may  remove  thiamine  to  a  considerate 
extent  In  the  poor  man’s  dietary  there  was  little 
chance  of  its  being  replaced  by  other  articles 

containing  sufficient  amounts  of  thiamine.  H 
containing  „  the  population  where 

it  is  not  surprising  that  among  p  p 
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the  diets  were  particularly  poor,  beri-beri  should  be 
endemic  as  most  of  the  thiamine  in  rice  had  been 
removed  by  washing,  cooking  in  excess  water  and 
steeping. 

That  beri-beri  still  continues  to  be  a  public  health 
problem  in  the  endemic  areas  of  Madras  Province  is 
borne  out  by  several  reports  published  during  the 
last  thirty  years.  Coyne  (1927)  describes  his  expe¬ 
rience  of  the  disease  in  Krishna  District.  In  the 
district  hospital  at  Guntur,  Mahadevan  and  Raman 
(1930)  encountered  over  100  cases  per  year  between 
1926-1929.  According  to  these  authors  beri-beri 
cases  were  more  numerous  in  rice  eaters,  although 
millet  eating  population  was  not  exempt  from  the 
disease.  Within  the  district,  more  cases  appeared  from 
areas  where  modern  rice  mills  were  concentrated  than 
from  other  regions,  an  observation  which  seems  to 
confirm  that  of  McCarrison  and  Norris  referred  to 
earlier.  Aykroyd  et  al  (1940)  drew  attention  to  the 
higher  incidence  of  beri-beri  in  the  Northern  Circars 
(the  old  north-east  coast  division  of  Madras  Presi¬ 
dency)  than  in  the  rest  of  the  province.  The  figures 
are  given  in  Table  XXII.  Data  collected  for  five 
districts  of  the  Andhradesa  in  Madras  State,  viz., 
Nellore,  Krishna,  East  and  West  Godavary  and 
Vizagapatam  over  a  period  of  1945-49  show  that 
endemicity  of  beri-beri  in  these  areas  is  as  widespread 
as  ever.  Table  XXII  has  been  modified  to  include 

the  above  information.  The  endemic  areas  are  shown 
in  Figure  XIX. 

It  is  true  that  mortality  from  beri-beri  is  nothing 
like  it  is  in  some  South-East  Asian  countries,  but  the 
high  incidence  by  itself  should  be  considered  disturb¬ 
ing  enough.  Aykroyd  and  Krishnan  (1941)  also  com¬ 
pared  the  infantile  mortality  rates  in  three  towns 
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from  beri-beri  area  with  three  other  towns  in  the  rest 
of  the  province.  The  average  rates  for  the  period 
t935-39  were  higher  in  the  endemic  area.  Of  the 
total  mortality  from  birth  to  12  month  period,  the 

TABLE  XXII 


INCIDENCE  OF  BERI-BERI  IN  NORTHERN  CIRCARS 
AND  THE  REST  OF  MADRAS  STATE 


Year 

Northern  Circars 
(Population  13-9  millions) 

Remainder  of  Madras  State 
(Population  32  9  millions) 

Cases 

Deaths 

Cases 

Deaths 

1932 

16,091 

93 

665 

3 

1933 

20,513 

55 

822 

2 

1934 

21,849 

42 

711 

5 

1935 

34,639 

89 

382 

8 

1936 

20,814 

94 

452 

7 

1937 

27,488 

65 

748 

5 

1938 

32,717 

64 

649 

4 

Cases  of  Beri-beri  in  Madras  State 

Year 

Five  Districts  of 

Twelve  other 

Andhradesa 

Districts 

1945 

15,664 

754 

1946 

16,782 

683 

1947 

27,210 

854 

1948 

28,281 

907 

1949 

29,061 

444 

DEFICIENCY  DISEASES 


231 


highest  was  between  2  to  5  months,  the  peak  being 
reached  at  the  fourth  month.  This  is  approximately 
the  period  when  most  cases  of  infantile  beri-beri 
occur.  According  to  Aykroyd  and  Krishnan  the 
high  mortality  between  2  to  5  months  is  largely  made 
up  of  deaths  due  to  beri-beri.  Very  often  the  mothers 


Figure  XIX- Beri-beri  in  Madras  State:  Shaded  area  depicts  the  endemL 
zone.  c 

(By  Courtesy  of  Indian  Journal  of  Medical  Research.) 
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of  these  children  suffered  from  incipient  beri-beri 
showing  such  symptoms  as  slight  paresis,  difficulty  in 
walking,  numbness  and  tingling,  etc.  Deaths  at  3  -  4 
months  of  more  than  one  child  in  the  same  family 
were  also  revealed  on  further  enquiry.  Reddi  (1942) 
has  supplemented  some  of  these  observations  in  a 
later  publication. 

Krishnan,  Ramachandran  and  Sadhu  (194.5)  treated 
with  thiamine  1,145  infantile  beri-beri  cases  in  three 
years  at  an  Infant  Welfare  Centre  in  Coconada.  Of 
these  980  were  completely  cured;  relapses  were  not 
uncommon  but  the  infants  responded  to  the  same 
treatment.  Pregnant  women  were  given  a  daily  dose 
of  1  mg.  thiamine  hydrochloride,  this  did  not  alto¬ 
gether  prevent  the  appearance  of  thiamine  deficiency 
in  infants,  but  did  help  in  reducing  the  severity  of  the 
condition. 

It  may  be  worthwhile  considering  here  how  it  is 
that  beri-beri  has  still  continued  as  a  public  health 
problem  in  India.  The  disease  has  been  endemic  in 
one  area  for  well  over  a  hundred  years,  and  has  been 
as  fixed  as  the  people  themselves  and  their  dietary 

habits. 

The  science  of  nutrition  has  indisputably  shown 
the  relationship  between  thiamine  deficiency  and 
beri-beri.  In  view  of  this  one  should  be  entitled  to 
ask  whether  it  would  not  have  been  possible  to  eradi¬ 
cate  the  disease.  One  will  have  to  go  deeper  into  the 
cause  for  a  satisfactory  answer.  The  earlier  discus¬ 
sion  will  have  shown  that  endemic  beri-beri  is  due  to 
dependence  on  rice,  faulty  cooking  practices  and  the 
defective  dietary  habits  of  the  people.  Firstly,  it 
cannot  be  denied  that  a  majority  of  beri-beri  cases 
occur  among  the  poor  classes,  although  economically 
favoured  groups  are  not  necessarily  exempt.  par 
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from  the  fact  that  faulty  cooking  practices  remove  a 
major  proportion  of  thiamine  in  rice,  the  amount 
available  in  rice  is  considerably  reduced  by  milling. 
Secondly,  the  poverty  of  the  people  precludes  the  use 
of  other  foodstuffs  rich  in  thiamine.  People  in  the 
endemic  areas  prefer  raw  to  parboiled  rice,  the  latter 
variety  being  consumed,  if  at  all,  for  only  a  couple  of 
months  during  the  whole  year  (Aykroyd  and  Krish- 
nan,  1941).  Besides,  parboiled  rice  is  unacceptable 
on  account  of  the  offensive  odour  and  strong  colour 
which  such  rice  almost  always  has.  If  the  process  of 
parboiling  is  improved  and  standardized  it  may  be 
possible  to  replace  raw  milled  rice  with  parboiled  rice. 
The  F.A.O.  Nutrition  Committee  of  the  South-East 
Asian  Countries  (1948,  1950)  has  repeatedly  made 
recommendations  to  this  effect.  The  American  ‘con¬ 
version’  process  which  is  a  modern  scientifically  con¬ 
trolled  version  of  parboiling  is  unsuitable  to  the  agri¬ 


cultural  economy  of  India  and  other  countries  in 
South-East  Asia.  For  somewhat  similar  reasons  ‘en¬ 
richment’  of  rice  in  India  is  also  difficult  to  practise. 
The  beri-beri  problem  is  capable  of  solution  not  by 
the  above  two  methods  or  by  affording  relief  by  dis¬ 
tribution  and  administration  of  vitamin  Bi  but  bv 
making  available  at  cheaper  prices  the  common 
Indian  pulses  which  people  are  acnisinm^rl 


8'ea'  Qea'  '“‘he  satisfactory  sol 


of'  the  problem. 
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PELLAGRA 

Pellagra  occurs  sporadically  throughout  India, 
although  it  is  true  that  more  cases  have  been  reported 
from  that  part  of  Madras  Province  where  beri-beri 
has  been  known  to  be  endemic.  Even  there,  pel¬ 
lagra  does  not  affect  large  number  of  people  at  one 
time,  but  cases  do  seem  to  occur  continually  in  extre¬ 
mely  small  numbers.  Thus  Raman  (1933)  saw  only 
four  cases  in  Guntur  during  four  years  preceding 
1933.  Dinkar  Rau  and  Raman  (1936)  saw  between 
i933-36  one  or  t-wo  cases  per  year.  In  i94°>  Raman 
(1940,  1948)  reported  on  25  cases  and  in  1948  on 

additional  65  cases  of  pellagra. 

Lowe  (1931)  describes  40  cases  seen  in  the  course 
of  six  years  in  the  patients  of  a  leprosarium  in  Hyde¬ 
rabad  State.  The  disease  made  its  appearance  in 
December  and  was  on  the  increase  till  the  following 
March.  By  the  month  of  May  the  patients  either 
were  cured  or  dead.  Patients  showed  general  ma¬ 
laise,  anorexia,  typical  skin  lesions,  stomatitis  and 
cdossitis.  Diarrhoea  and  mental  symptoms  were  com- 
paratively  infrequent.  Those  with  mental  disorders 
died.  Others  seemed  to  get  better  without  treat¬ 
ment.  The  latter,  when  given,  consisted  of  a  good 
diet  containing  milk,  meat,  vegetables  and  fruit  sup¬ 
plemented  with  yeast.  The  usual  diets  of 
contained  no  maize  although  qualitatively  they  we  e 
not  quite  good.  Lowe  (1933)  later  described l  30  mo  re 
cases  occurring  between  December  1931  ‘°  February 
%l2 of  which  3  were  in  nonlepers.  In  these  cases  too 
the  diarrhoea  and  mental  disorders  were  absen  • 
Seven  of  the  patients  had  similar  attacks  m  the 
vious  year.  Treatment  consisted  of  good  diet  supp 
merited  with  brewer’s  yeast. 
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From  Mysore,  Heilig  (1943)  and  Puttaiya  (1944) 
give  an  account  of  vitamin  deficiencies  among  hospi- 

mi  1  ».i  1  •  1 


givt  an  av^Luum  ui  vuauini  va ciiiiwiig  nuopi- 

tal  patients.  The  hospital  records  contain  several 
instances  of  patients  who  from  the  description 
regarding  diarrhoeas,  dermatosis,  glossitis  and  in  a 
few  dementia,  appear  to  have  been  suffering  from 
pellagra. 

Reports  from  Bombay  Province  include  those  by 
Mody  (1935),  Dhayagude  and  Khadilkar  (1939),  Car- 
ruthurs  (1941),  Patel  and  Shah  (1942)  and  Patel  and 
Motashaw  (1942),  altogether  a  total  of  41  cases  over 
a  space  of  seven  years.  Cases  from  Bengal  have  been 
reported  by  Sen  Gupta  et  al  (1939),  Goodall  (1940), 
Napier  and  Chaudhuri  (1943)  and  Ghaudhuri  and 
Chakravarti  (1947). 

Verma  (1943)  describes  3  cases  from  Bihar  of  sus¬ 
pected  pellagra  out  of  which  two  appear  to  be  cases 
of  genuine  pellagra.  Nicotinic  acid  alone  or  with 
liver  extract  gave  good  response.  From  Uttar  Pra¬ 
desh  (United  Provinces)  there  is  a  report  of  an  isolat¬ 
ed  case  by  Swarup  (1930).  From  Punjab  also  there 
are  cases  described  by  Gupta  (1935),  Bajaj  (1939)  and 
Kochar  (1943).  It  is  only  in  the  cases  reported  from 
Kangra  Valley  by  Bajaj  that  one  meets  with  maize  as 
an  article  of  diet  in  the  pellagra  sufferers.  Although 
he  author  describes  only  six  cases  treated  with  mar- 
mite,  yeast  tablets  and  liver  extract  together  with 
changes  in  diet,  he  refers  to  the  fact  that  several  such 
cases  occur  the  locality.  It  is  felt  that  a  close 
examination  by  the  public  health  department  of  the 
province  would  have  repaid  the  trouble. 

link  ariHyd  a?d  Swaminathan  (>939)  estimated  nice 
me  acid  content  of  maize  from  USA  Pm, 

and  India  and  found  values  o7  to 

gm.  Raw  home-pounded  IndiL  ^ Z 
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contain  2-4  mg.  per  100  gm.,  whereas  milled  rice  con¬ 
tained  only  i-6  mg./ioo  gm.  According  to  these 
authors  the  total  nicotinic  acid  content  of  the  poor 
rice  diet  did  not  exceed  12  mg.  and  was  not  materially 
different  from  the  nicotinic  acid  content  of  diets  based 
on  maize.  They  could  not  understand,  therefore, 
the  association  between  maize  and  pellagra.  Later 
work  by  Elvehjem  and  his  associates,  Woolley,  Kodi- 
cek  and  others,  has  shown  the  role  of  maize  in  inhi¬ 


biting  the  utilization  of  nicotinic  acid  and  it  is  possible  < 
that  in  human  beings  subsisting  on  maize  diets  with 
marginal  intake  of  nicotinic  acid  a  deficiency  of  the 
nutrient  is  created  resulting  in  pellagra. 

There  are  a  few  other  biochemical  investigations 
bearing  on  the  subject  of  pellagra  that  may  be  men¬ 
tioned  here.  Swaminathan  (1939)  found  in  10  normal 
subjects  a  daily  urinary  excretion  of  2-06  to  8-88  mg. 
total  nicotinic  acid.  Naganna,  Giri  and  Venkatesan 
(1941)  found  4*8  to  6-i  mg.  total  nicotinic  acid  per  24 
hours  in  an  unspecified  number  of  normals  and  in  the 
two  pellagrins  tested  it  was  absent  from  the  urine  of 
one  and  only  i*8  mg.  in  that  of  the  other.  Kochar 
(1943)  found  in  six  normals  a  range  of  3  to  io-8  mg. 
On  the  other  hand  in  6  pellagrins  nicotinic  acid  in 
urine  per  24  hours  varied  from  traces  to  0-69  mg.  In 
normal  subjects  a  test  dose  of  200  to  400  mg.  per  day 
caused  a  rapid  rise  in  excretion  whereas  in  pellagrins 
the  excretion  remained  low  for  days.  De  and  Banerjee 
(1948)  have  produced  evidence  to  show  that  human 
requirements  of  nicotinic  acid  are  in  the  neighbor i - 
hood  of  8  mg.  per  day.  If  one  takes  into  account  the 

lowest  intakes  of  about  12  mg.  per  ^.ITsonth  \l 
Aykroyd  and  Swaminathan  (loc.  cif)  in  e  j 

dian  diets,  there  does  not  appear  to  beany  likelihood 
of  a  primary  nicotinic  acid  deficiency  among 
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Indians.  However,  nicotinic  acid  deficiency  does 
appear  more  often  than  one  realises,  if  the  reports 
on  chronic  nonspecific  diarrhoeas  responding  to 
nicotinic  acid  are  indicative  of  the  situation.  It  is  true, 
however,  that  classical  pellagra  is  not  one  of  the 
commoner  nutritional  diseases  in  India. 


SCURVY 

In  India,  scurvy  seems  to  be  rare  for  there  are 
only  a  few  published  reports  of  isolated  cases  from 
different  parts  of  the  country  (Srivastava,  1930, 
Chakravarti,  1935,  Lewis  and  Dutt,  1942).  It  is  pos¬ 
sible  that  cases  treated  in  hospitals  may  not  have 
been  published.  That  the  disease  does  occur  in  times 
of  famine  is  illustrated  by  a  report  from  Hissar  in 
Punjab  (Khan,  1943).  This  district  in  south-east 
Punjab  is  periodically  subject  to  famines.  The  recor¬ 
ded  history  goes  back  to  1783,  after  that  famines 
occurred  in  i860,  1869,  1896  and  1899.  In  none  of 
these  has  scurvy  been  recorded  as  one  among  the 
causes  of  death.  In  1938  another  famine  started, 
and  although  the  conditions  were  somewhat  better 
by  1940,  semi-famine  conditions  prevailed  for  a  few 
years.  In  a  diet  survey  in  1939  it  was  found  that 
green  vegetables  of  any  kind  were  completely  absent 
from  the  diets  of  the  inhabitants.  Between  Decem- 
ker  1939  and  March  1940,  Khan  saw  500  cases  of 
scurvy,  some  of  which  were  treated  either  with  pure 
ascorbic  acid  or  with  the  dehydrated  pulp  of '  Phyllan- 
thus  embelica.  In  1940,  the  inhabitants  were  given 
germinated  grains  to  eat  after  which  the  incidence  of 
scurvy  decreased.  After  six  months  the  supplement 
was  discontinued  when  scurvy  appeared  again  and 
was  only  controlled  after  the  reintroduction  of  germi¬ 
nated  grain  in  the  diet. 
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Cook  (1945)  has  recorded  his  experience  in  Guje- 
rat  with  scorbutic  epiphysitis  in  30  children  11 
months  to  10  years  in  age.  Scorbutic  signs  in  the 
gums  were  seen  only  in  seven  patients,  and  in  a  few 
cases  subperiosteal  haemorrhages  were  present.  Skia¬ 
gram  revealed  the  presence  of  scorbutic  changes  in 
the  epiphyses.  According  to  Cook  the  condition 
usually  followed  debilitating  diseases  and  was  often 
wrongly  diagnosed  as  paralysis ;  it  responded  to 
treatment  with  ascorbic  acid  in  large  doses  given 
orally  or  parenterally.  DeSa  (1948)  draws  attention 
to  the  surgical  aspects  of  scurvy.  Describing  his  ex¬ 
perience  with  20  cases  in  a  children’s  hospital  in 
Bombay  he  mentions  the  fact  that  nearly  half  the 
cases  presented  themselves  in  out-patients  depart¬ 
ment  as  surgical  problems.  Only  routine  x-ray  of  the 
cases  helped  to  reveal  the  underlying  condition  as 

being  scorbutic  in  origin. 

Thus  it  will  be  clear  that  in  India  scurvy  is  not 
one  of  the  common  manifestations  of  malnutrition. 
This  is  so  in  spite  of  the  fact  that  the  usual  intake  of 
vitamin  C  in  poor  Indian  diets  is  by  no  means  high. 
As  the  last  two  reports  indicate,  however,  scorbutic 
changes  may  not  be  unlikely  in  the  child  population 
and  can  only  be  diagnosed  by  the  watchful.  On  the 

other  hand,  it  is  only  natural  to  expect  scurvy  to  come 
up  as  a  problem  among  the  population  stricken  y 
famine,  as  the  example  t>f  Hissar  quoted  a  ove 

clearly  shows. 


RICKETS  AND  OSTEOMALACIA 
There  seems  to  be  a  belief  generally  current  that 
rickets  occurs  very  rarely  in  India  (Hess,  I929>- 
reason  for  this  belief  is  apparently  the  uniform  y 
greater  incidence  of  sunshine  in  this  country  through 
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DUt  the  year.  The  occurrence  of  rickets,  however, 
las  been  reported  from  time  to  time  from  several 
Darts  of  India  and  in  one  particular  region  rickets  is 
i  public  health  problem. 

Hutchison  and  Shah  (1922)  have  reported  a  few 
:ases  of  rickets  in  Bombay  Province.  In  the  annual 
eports  of  children’s  hospitals,  rickets  is  found  to  be 
me  of  the  diseases  for  which  children  are  brought  to 
he  hospital.  However,  even  these  records  do  not  in¬ 
dude  all  the  cases  of  rickets  for  the  simple  reason  that 
1  large  number  of  them  are  recorded  under  fevers 
ind  respiratory  diseases,  the  types  of  complaints  for 
vhich  the  parents  of  a  rachitic  child  usually  seek 
nedical  advice.  It  is  only  a  routine  screening  of  the 
nferior  radio-ulnar  joints  of  every  infant  and  child 
inder  five  years  of  age  going  to  the  hospital  that  can 
ruly  indicate  the  incidence  of  rickets.  Unfortunately 
uch  a  procedure  is  not  commonly  followed  even  in 
hildren’s  hospitals.  Patwardhan,  Chitre  and  Sukha- 
ankar  (1944)  collected  for  biochemical  studies 
9  cases  of  proved  rickets  at  one  of  the  Bombay  hos- 
>itals  within  a  period  6  -  9  months.  The  occurrence 
•f  rickets  as  one  of  the  major  deficiency  diseases  of  in  ¬ 
ants  and  children  has  only  recently  been  realised  in 
ertain  quarters  as  can  be  seen  from  a  recent  state¬ 
ment  by  Coelho  (1950)  that  “in  spite  of  our  sun  and 
he  wide  prevalence  of  breast  feeding  deficiency 
ickets  is  a  common  disease  of  children  in  Bombay”. 

Observations  on  the  incidence  of  rickets  can  also 
»e  found  in  some  of  the  records  of  nutrition  surveys, 
n  Orissa  the  incidence  has  been  reported  as  being 
•etween  0-2  to  i-6  per  cent  and  in  Hyderabad  State 
ietween  o-i  to  i.a  per  cent.  In  a  recent  survey  in 
.ar  Pradesh  on  2,595  children  from  different  dis- 
ncts  the  average  incidence  of  rickets  was  found  to  be 
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3-2  per  cent.  In  Punjab  rickets  occurs  much  more 
frequently.  The  report  of  the  Public  Health  depart¬ 
ment  for  1939  gives  a  figure  of  56  per  cent  in  156 
children  of  the  Kangra  Valley,  a  similar  survey  in 
Lyallpur  revealed  an  incidence  of  6-3  per  cent.  The 
figure  for  Kangra  Valley  although  unusually  high  is 
more  or  less  correct.  The  work  of  Wilson  and  her 
colleagues  has  shown  that  Kangra  Valley  is  unique 
in  India  in  having  a  very  high  incidence  of  rickets  and 
osteomalacia.  Wilson’s  studies  are  revealing  on  this 
subject  and  well  worth  describing. 

Wilson  (1931  a  and  b)  found  400  cases  of  late 
rickets  in  three  towns  —Lahore,  Simla  and  Amritsar. 
In  another  survey  of  girls  in  Lahore  City  she  recorded 
as  high  a  figure  as  607  out  of  a  total  of  1,482  showing 
evidence  of  having  suffered  from  rickets.  According 
to  Wilson,  faulty  diets,  lack  of  sunlight  (due  to  over¬ 
crowding  in  tall  closely  packed  buildings  characteris¬ 
tic  of  old  Indian  cities)  and  purdah  system  were  res¬ 
ponsible  for  this  high  incidence.  In  Ludhiana  where 
there  was  no  overcrowding  the  incidence  of  rickets 
was  much  lower.  The  criteria  for  diagnosis  which 
she  used  in  her  studies  were  bossing  of  head,  en¬ 
larged  epiphyses  of  wrists  and  ankles,  knock  knee, 
curving  of  legs  and  irregularity  in  dentition.  Not 
much  difference  was  found  in  incidence  in  Hindu  and 
Muslim  families  in  one  locality  of  Lahore,  but  m 
another  there  was  greater  incidence  in  Muslim  girls. 
Wilson  also  examined  500  children  in  Srinagar  (Kash¬ 
mir)  and  found  rickets  prevalent  in  a  substantia 
number  of  children.  Wilson  and  Widdowson  (1942) 
examined  a  total  of  9,178  children  of  5  to  15  years  in 
Punjab,  Central  Provinces  (Madhya  Pradesh),  Oris 
and  Hyderabad  State,  and  found  the  incidence  ofo;g 
to  3.9  per  cent  in  Punjab,  0.5  to  0.7  per  cent  w 


Figure  XX-A  case  of  rickets  from  Punjab 
showing  marked  bony  deformities. 

(Nutrition  Museum). 
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Central  Provinces,  0-3  to  0.7  per  cent  in  Orissa  and 
nil  in  Hyderabad.  Among  the  Punjabis,  rickets  was 
more  common  in  girls  and  of  the  three  communities 
Sikhs  showed  the  lowest  incidence  and  Muslims  the 
highest.  These  authors  make  a  special  mention  of 
Kangra  Valley  where  rickets  and  osteomalacia  are 
rampant,  although  no  exact  figures  of  incidence  are 
given.  (Fig.  XX) 

One  example  of  a  group  of  38  families  is  quoted  ; 
of  these,  23  families  were  seen  in  which  at  least  one 


member  and  sometimes  all  in  the  family  had  osteoma¬ 
lacia  or  rickets.  When  rachitic  and  nonrachitic  families 
were  grouped  according  to  their  economic  status  it 
was  found  that  rachitic  families  as  a  whole  were 


Doorer  than  the  groups  of  families  which  were  com¬ 
paratively  free  from  the  disease.  The  authors  have 
examined  the  causes  such  as  the  type  and  amount 
)f  cereals  in  the  diet,  lack  of  vitamin  D,  incidence  of 
unshine,  overcrowding  and  purdah  system.  While 
here  is  no  doubt  that  in  the  rest  of  the  Punjab  the 
ast  two  are  operative  as  cause  of  rickets,  in  Kangra 
galley  the  conditions  do  not  differ  materially  from 
hose  existing  in  other  provinces  of  India  and  yet 
eficiency  rickets  and  osteomalacia  are  far  more 
:ommon  in  the  former  region.  Ahmad,  Sehra  and 
>waroop  (1945)  have  found  low  calcium  and  high  in- 
n-gamc  phosphorus  in  the  serum  of ‘‘normal”  males 

“  Lfefi  eS  °f  ?angra  VaUey  between  ‘he  ages  of 

„ V  r!  7TS’  e  aVJerage  Values  beins  8-97  and  8.42 
g.  a  and  4.72  and  4.48  mg.  inorganic  P  per  100 

•c.  serum  for  males  and  females  respectivelv  Amorm 

.onrachi'ie  children  loo  the  valuesVf  catium  werl 

mg.  per  100  c.c.  serum  although  the  inorganic 
.hosphorus  was  about  4.5  mg.  per  too  c.c.  In  rachl. 
htldren  and  osteomalacic  women  the  values  were 
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lower  still  as  was  to  be  expected.  The  estimates  of 
calcium  intakes  made  by  Wilson  and  Widdowson  do 
not  justify  the  markedly  low  serum  calcium  values  in 
the  normal  population  of  Kangra  Valley. 

Patwardhan  and  his  associates  (1944,  1945)  have 
studied  the  changes  in  the  composition  of  serum  taking 
place  in  experimental  and  clinical  rickets.  In  induced 
rickets  in  puppies  they  found  that  the  changes  in  the 
concentration  of  serum  Ca,  inorganic  P  and  total 
proteins  were  reflected  in  the  ionic  products  of 
GaHPC>4  and  Ca3(PC>4)2.  That  such  changes  take 
place  had  been  pointed  out  earlier  by  Freeman  and 
Maclean  (1941)  in  puppies.  The  observations  of  Pat¬ 
wardhan  ct  0.1  on  clinical  rickets  (77  cases)  showed 
that  such  alterations  also  take  place  in  the  serum  of 
rachitic  children.  Dikshit  and  Patwardhan  (1946) 
compared  the  efficacy  of  the  increase  in  alkaline 
phosphatase  activity  and  the  unsaturation  of  the 
plasma  with  respect  to  CaHPC>4  as  a  means  of  early 
diagnosis  of  rickets  and  reached  the  conclusion  that 
the  former  gave  an  earlier  indication  of  the  presence 
of  the  rachitic  process. 

Osteomalacia:  The  environmental  conditions 
which  are  responsible  for  rickets  in  early  life  probably 
continue  to  operate  late  as  well  for  in  Kangra  Valley 
osteomalacia  occurs  widely  and  is  responsible  for  much 
deformity  of  long  bones  of  the  lower  extremity  and 
the  pelvis.  In  a  series  of  publications  Wilson  (1929. 
iqoo,  1031)  has  described  the  causation,  occurrence 
and  treatment  of  osteomalacia  in  North  India,  par  >• 
cularly  in  the  Punjab.  She  has  made  a  special  study 

of  the  conditions  in  Kangra  Valley  as  referred  to  m 

the  last  few  paragraphs.  Kangra  is  situat 
average  elevation  of  3,000  feet  from  sea  level  a  * 
foot  of  the  Himalayas.  It  has  plenty  of  sunshine  for 


Figure  XXI  — A  case  of  advanced  Osteomalacia 
showing  marked  deformities  affecting 
the  spine,  pelvis  and  lower  extremities. 

(Nutrition  Museum). 
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more  than  eight  months;  rainfall  is  restricted  to  the 
monsoon  months  and  amounts  to  ioo  inches  per  an- 
The  soil  is  deficient  in  lime,  phosphorus  and 


num. 


llUUlt  X  ii  V/  OOII  AO  V-t  V/  U  V/A  VW  V  A  MX  kyilV/UL/lA  VA  ^  V***'-* 

magnesium.  Only  one-third  to  one-fourth  of  the  total 
area  is  cultivable  and  hence  about  837  persons  have  to 
subsist  per  square  mile.  In  Launa  village  it  was  found 
that  among  the  poor  classes  83  individuals — male  and 
female— showed  evidence  of  early  and  late  rickets  or 
osteomalacia.  Among  47  persons  of  the  landowner 
families,  16  individuals  were  affected.  Thus  there  is 
little  doubt  that  poverty  of  the  soil  in  lime  and  phos¬ 
phorus  together  with  the  diets  excessively  rich  in  cere¬ 
als  may  be  responsible  for  predisposition  to  rickets  and 
osteomalacia.  The  latter  condition  progressively  gets 
worse  with  each  successive  pregnancy  and  causes 
extreme  softening  and  bending  of  bones  (Fig.  XXI). 

That  osteomalacia  is  not  confined  to  Punjab  can 
be  seen  from  a  few  reports  appearing  from  other 
parts  of  India.  Green-Armytage  (1928)  mentions  that 
in  Calcutta  osteomalacia  appeared  to  be  common 
among  Marwari  (money-lenders  and  businessmen) 
immunity  and  not  uncommon  among  the  purdah 
observing  Muslims.  Out  of  2,870  maternity  cases 
seen  in  Eden  Hospital,  Calcutta,  in  the  course  of- 2^ 
/ears,  26  craniotomies  and  15  caesarian  sections  had 
:o  be  performed  for  osteomalacic  conditions  alone 
Wills  (1931)  has  reported  on  20  cases  in  pregnant  and 
ion-pregnant  women  in  Bombay  City.  Heilig  (iq4o) 
:omments  on  the  occurrence  of  osteomalacia  in  My¬ 
sore  among  women  of  child  bearing  age  belonging  to 
he  community  which  observes  purdah  system.  There 
,S  no  doubt,  however,  that  the  condition  is  much  less 
'Ommon  ln  the  south  than  in  the  north.  Table  xxriT 
3repared  from  data  collected  in  iqq.  ran  hr 
iidered  to  be  illustrative.  35  C  COn' 
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TABLE  XXIII— INCIDENCE  OF  CONTRACTED  PELVIS 
IN  SOME  MATERNITY  HOSPITALS  IN  INDIA 


Hospital 

Contracted  Pelvis 

Lady  Hardinge  Hospital, 

New  Delhi 

1  in  11  deliveries. 

Maternity  Hospital, 

Agra,  U.P. 

1  in  15  ,, 

Cama  Hospital, 

Bombay 

1  in  35  ,, 

Caste  and  Gosha  Hospital, 

Madras 

1  in  99  ,, 

NUTRITIONAL  OEDEMA 


In  comparison  with  the  incidence  of  other  nutri¬ 
tional  disorders,  simple  nutritional  oedema  is  less 
rarely  seen.  Its  association  with  nutritional  diar- 
rhoeas  in  adults  and  infants  and  children  has  been 
described  earlier.  A  few  other  cases  have  been 
reported  periodically  from  different  parts  of  the 
country.  It  is  quite  probable  that  the  larger  hospi¬ 
tals  may  have  recorded  cases  of  nutritional  oedema, 
but  published  reports  are  comparatively  few.  rut- 
taiya  (1944)  reported  its  occurrence  in  certain  women 
patients  who  responded  to  high  protein  diets.  Wa¬ 
fers,  Rossiter  and  Lehmann  (1947)  observed  it  in  a 
very  small  proportion  of  2,ooo  Indian  prisoners  of 
war  in  the  East.  Datta  (1947)  studied  the  total  serum 
V-  a  it.  fractions  in  40  cases  of  nutritional 
rdra  nBoliy  Tof  his3cases  had  total  protein 

the  values  were  between  5  gm-  and  6  gm.  per  10 
The  se^m  albumin  in  25  cases  was  below  ,.5  gm-  P« 
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100  c.c.  Recently,  Gopalan  (1950)  investigated  12 
cases  of  nutritional  oedema  in  Madras.  He  found 
that  the  urines  of  these  patients  had  a  larger  concen¬ 
tration  of  anti-diuretic  hormone  as  compared  with 
that  in  normal  urine.  Gopalan  is  of  the  opinion  that 
the  decrease  of  the  serum  proteins,  i.e.,  albumin,  is 
not  the  only  factor  responsible  for  nutritional  oedema, 
probably  there  is  a  greater  amount  of  the  anti¬ 
diuretic  hormone  circulating  in  the  blood  which 
depresses  the  excretion  of  urine  and  aids  in  the 
escape  of  fluid  in  the  extravascular  spaces. 

Hardikar  and  Rao  (1943)  and  Rao  (1946)  describe 
cases  in  which  the  evidence  points  to  a  defective  diet 
being  the  sole  cause  of  oedema  and  ascites.  Rao 
gives  an  account  of  52  cases  of  nutritional  ascites  in 
children,  adolescents  and  adults  of  both  sexes.  The 
presence  of  ascites,  together  with  oedema  of  the  legs 
and  trunk  (in  some  cases  even  the  face)  was  the  fea¬ 
ture  of  the  disease.  Anaemia  of  varying  degree,  com¬ 
monly  hypochromic  and  normocytic  or  slightly  mac¬ 
rocytic  was  present.  Serum  proteins  which  were 
done  only  in  eight  cases  showed  albumin  values  bet¬ 
ween  1  *3 1  to  2.43  gm.  per  100  c.c.  Mild  signs  of 
beri-beri  were  present  in  14  and  in  2  they  were 
severe;  evidence  of  deficiency  of  riboflavin  and  nico¬ 
tinic  acid  was  found  in  only  one.  Other  investiga¬ 
tions  such  as  examination  of  ascitic  fluid,  liver  and 
renal  function  tests  were  done,  though  unfortunately 
^nly  in  a  very  small  number  of  cases,  hence  it  is 
difficult  to  interpret  the  findings.  The  remarkable 
part  of  the  report  is  that  which  refers  to  the  response 
to  treatment  with  good  hospital  diet  starting  with 
bread  and  milk  and  gradually  changing  over  to  a 
-omplete  diet  The  average  period  of  hospitalisation 
tor  32  cases  which  completely  recovered  was  37  days. 


246 


NUTRITION  IN  INDIA 


Rao  reviews  the  earlier  literature  on  the  subject  but 
fails  to  find  clearcut  evidence  of  the  occurrence  of' 
similar  conditions  in  other  parts  of  India.  He  refers 
to  a  few  reports  from  Lucknow  and  Calcutta  between 
1920  -  30  in  which  the  circumstantial  evidence  was  in 
favour  of  ascites  being  of  nutritional  origin.  In  times 
of  famine  and  starvation,  one  is  likely  to  meet  with  1 
cases  of  nutritional  oedema  and  the  investigations 
carried  out  in  Calcutta  indicate  that  cases  with  1 
oedema  alone  and  oedema  with  ascites  were  foundl 
among  chronically  malnourished  people  suffering  the 
added  misery  of  starvation  of  Bengal  famine.  Mention! 
of  a  few  such  instances  is  made  in  a  report  (1944)  on 
the  treatment  of  destitutes  and  starvation  cases  in 
Bengal  by  Bose,  De  and  Mukherjee  (1946). 
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CHAPTER  XIX 


DEFICIENCY  DISEASES  (CONTINUED) 
ENDEMIC  GOITRE 

SIMPLE  goitre  is  endemic  in  the  Himalayas  and  the 
sub-Himalayan  region.  The  endemic  region  extends 
from  the  northwest  frontier  along  the  northern  bound¬ 
ary  of  India  to  the  northeast  border  in  Assam.  There 
are  no  known  endemic  foci  in  the  rest  of  the  country. 
In  certain  regions  within  the  endemic  area  the  inci¬ 
dence  may  be  unusually  high.  McCarrison  (1921) 
mentions  that  in  some  villages  in  Chitral  and  Gilgit 
on  the  northwest  frontier  no  person  was  free  from 
goitre;  in  the  village  of  Awi,  he  records  that  about 
60  per  cent  of  the  children  were  born  with  conge¬ 
nital  goitre,  and  many  were  cretins.  McCarrison 
(1926)  also  records  50  per  cent  incidence  of  goitre  in 
children  of  the  Lawrence  Military  School,  Sanwar,  in 
the  Simla  Hills,  Punjab.  The  incidence  increased  to 
80  per  cent  when  the  children  stayed  there  for  a  few 
years.  In  a  survey  of  Kangra  Valley  an  incidence  of 
34  per  cent  has  been  recorded  (Punjab  Public  Health 

Department  Report  1939)-  Stott  et  al  0931)  ha^e 
studied  the  distribution  of  goitre  in  Himalayan,  sub- 
Himalayan,  foothill  and  low  marshy  regions  of  the 
United  Provinces  where  they  record  an  incidence  ot 
30  per  cent  to  50  per  cent.  As  is  usual  with  endemic 
goitre  the  occurrence  of  cretinism  and  deaf-mutism  is 
seen  to  a  remarkable  degree  in  these  regions  (tig. 
XXII). 

Stott  et  al  have  examined  the  1911  and  19 
census  figures  for  the  occurrence  of  congenita 


k 

Figure  XXII  — A  case  oi  goitre  and  a  cretin  from  the  goitrous  regions  of  the 
(United  Provinces)  Uttar  Pradesh. 

(By  courtesy  of  the  Indian  Journal  of  Medical  Research). 
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leaf-mutism  in  India.  They  find  a  larger  incidence 
>er  100,000  population  in  the  regions  where  goitre  is 
mdernic  as  the  following  figures  based  on  1921  census 
vill  show: 


State 

or 

Province 

Kashmir 

Punjab 

Bombay 

Madras 

Central 

India 

Hydera¬ 

bad 

dumber  of 

:eaf-mutes 

>er  100,000 

138 

89 

55 

51 

34 

27 

Even  within  the  same  province  the  proportion  of 
leaf-mutes  in  the  goitrous  regions  was  very  much 
figher  than  in  non-goitrous  parts  as  shown  in  Table 
CXIV  for  three  provinces  abutting  on  the  Himalayas. 


TABLE  XXIV— DEAF-MUTE  RATES  IN  GOITROUS 
REGIONS  AS  COMPARED  TO  PROVINCIAL 
AVERAGE  RATE 


State 

Area 

Deaf-mutes 
per  100,000 

’unjab 

Himalayan  Division 

* 

257 

Provincial  average 

89 

iihar 

Champaran  District 

169 

Provincial  average 

72 

^ssam 

Naga  Hills 

490 

Provincial  average 

70 

thus  in  India  too  as  elsewhere  deaf-mutism  like 
.retinism  is  associated  with  endemic  goitre. 

Although  it  has  been  known  for  a  long  time  that 
eficient  iodine  intake  is  the  primary  cause  of  simple 
goitre,  McCarrison  held  other  views.  His  careful 
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study  at  Gilgit  suggested  to  him  that  probably  the 
use  of  polluted  water  had  some  relation  to  incidence 
of  goitre.  This  opinion  received  further  confirmation 
by  his  observations  at  the  Lawrence  Military  School, 
Simla  Hills.  As  mentioned  earlier  the  school  showed 
an  incidence  of  50  per  cent  to  80  per  cent  among  its 
boarders.  It  had  a  local  unprotected  water  supply 
which  was  suspected  to  be  polluted.  In  1918  a  new 
pipe  line  was  laid  from  Kasauli,  a  few  miles  distant 
from  Sanwar.  Within  a  few  years  goitre  in  the  school 
became  rare.  In  1926,  it  was  recorded  by  the  Medi¬ 
cal  Officer  of  the  school  that  “One  year’s  experience 
has  convinced  me  that  goitre  is  now  entirely  absent”. 
McCarrison  was  of  the  opinion  that  bacteriologically 
pure  supply  of  water  was  responsible  for  this  change. 
He  had  the  soil  and  water  at  Sanwar  and  Kasauli 
analysed  in  three  different  laboratories.  The  iodine 
content  of  water— new  and  old  supplies — varied  bet¬ 
ween  traces  to  o-i  p.p.in.,  and  that  of  the  hill  side 
soil  varied  between  i-o  to  4-5  p.p.m.  Essentially, 
however,  there  was  no  difference  between  the  soils  of 
Sanwar  and  Kasauli.  It  must  also  be  mentioned  that 
so  far  as  could  be  ascertained  there  had  been  no 
changes  of  any  importance  in  the  diets  of  the  school 
boarders.  It  was  indeed  surprising  that  in  a  locality 
where  goitre  was  known  to  be  endemic  for  over  70 
years,  the  disease  should  be  almost  completely  eradi¬ 
cated  within  a  space  of  eight  years. 

This  remarkable  observation  was  followed  up  by 
further  experimental  work  in  the  laboratory.  McCar¬ 
rison,  Newcomb,  Viswanath  and  Norris  (1927)  analy¬ 
sed  the  soils  from  endemic  and  other  zones.  Although 
the  incidence  of  goitre  in  Chitral  and  Gilgit  varied 
from  village  to  village  from  10  to  65  per  cent,  the 
iodine  content  of  soil  in  the  affected  and  goitre  fre 
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areas  was  less  than  i  p.p.m.  McCarrison,  Sankaran 
and  Madhava  (1931)  analysed  the  urines  of  36 
goitrous  and  33  nongoitrous  individuals  from  Gilgit. 
These  urines  were  collected  over  potassium  carbonate 
and  sent  to  Goonoor  which  is  nearly  2,000  miles  away. 
It  had  been  ascertained  that  urines  stored  over 
K2CO3  did  not  lose  their  iodine.  The  iodine  content 
of  goitrous  urine  varied  from  4  7  to  18. o  7  per  litre 
with  an  average  of  7  2  7,  that  of  nongoitrous  urine 
had  a  range  of  3  7  to  22  0  7  with  an  average  of 
9-2  7  per  litre.  Thus  there  appeared  to  be  no 
significant  difference  between  the  urinary  excretion 
of  iodine  in  normal  subjects  and  those  with  goitre. 
McCarrison  and  Sankaran  (1931)  confirmed  their 
earlier  findings  by  analysing  another  batch  of  urines 
from  fresh  subjects. 

McCarrison  and  his  colleagues  then  turned  their 


attention  to  the  production  of  goitre  in  animals. 
McCarrison  (1930)  found  that  when  rats  were  fed 
diets  deficient  in  vitamins  A  and  D,  with  high  or  low 
protein  content,  the  thyroids  were  enlarged.  He  also 
observed  that  if  rats  were  kept  in  cages  which  were 
only  infrequently  cleaned  and  hence  had  accumulated 
collections  of  stale  food,  excreta,  etc.,  thyroid  enlarge¬ 
ment  resulted,  whereas  in  controls  fed  the  same  diet, 
but  kept  in  cages  cleaned  daily  and  kept  scrupulously 
clean,  the  thyroids  were  normal.  In  another  experi¬ 
ment,  iodized  water  (containing  o-i  mg.  iodine  per 
litre)  was  supplied  to  two  batches  of  animals,  fed  and 
maintained  under  conditions  described  above.  Rats 
ept  under  insanitary  conditions  again  showed  a 
sign, Ream  enlargement  of  thyroid  as  compared  to 

additional  H  T”  °bSerVed  ‘hat  the  Pro™ion  of 

the  th  l  r  thr°Ugh  drinkin§  water  Prevented 
tlm  thyroid  enlargement  induced  in  rats  living  under 
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unhygienic  conditions.  On  the  basis  of  further  ex¬ 
periments,  McCarrison  (1933)  formed  the  opinion 
that  due  to  bacterial  action  a  goitrogenic  agent  arises 
which  can  be  waterborne  and  which  can  cause  en¬ 
largement  of  thyroid  on  continued  ingestion.  McCar¬ 
rison  (1931  and  1933)  also  studied  the  goitrogenic 
action  of  diets  containing  cabbage,  soya  bean  and 
groundnut  respectively.  In  diets  containing  suffici¬ 
ent  amounts  of  added  potassium  iodide,  but  deficient 
in  various  other  nutrients,  soya  bean  and  groundnut 
caused  marked  enlargement  of  thyroids.  These 
observations  were  later  confirmed  in  the  case  of  soya 
bean  by  Sharpless  (1938)  and  Wilgus  et  al  (1941)  and 
for  cabbage  by  Hercus  and  Purves  (1936)  and  Ken¬ 
nedy  and  Purves  (1941). 

McCarrison  has  summarised  his  own  views  relating 


to  the  causation  of  endemic  goitre  in  a  memoir  pub¬ 
lished  in  association  with  Madhava  in  1932.  He  is  of 
the  opinion  that  while  deficiency  of  iodine  in  soil  and 
water  is  frequently  associated  with  endemic  goitre  in 
Himalayan  region,  this  association  is  not  invariable. 
Other  factors,  such  as  defective  dietaries  and  unpro¬ 
tected  bacteriologically  impure  water  supplies,  or  the 
presence  of  goitrogens  in  certain  foodstuffs  are  other 
contributory  factors.  He  does  not  believe  that 
chemical  composition  of  water  has  any  relation  to 
goitre.  Yet,  there  are  certain  observations  on  record 
which  indicate  the  relationship  of  hard  waters  with 

goitre.  Stott  et  al  (193O  and  Stott  < 1 93*)  have  c°m; 

mented  upon  this  association  which  was  very  marked 
in  goitre  regions  of  the  United  Provinces.  Stott 
(iqot)  further  refers  to  the  work  of  Turton  in  Derby¬ 
shire  where  also  the  association  between  lime  rich 
water  and  goitre  incidence  was  noted.  More  recently 
Parra  (1948)  has  reported  similar  findings  in  Colombia, 
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hence  it  must  be  admitted  that  the  almost  similar 
findings  reported  from  three  different  countries  can 
hardly  be  the  result  of  fortuitous  circumstances.  The 
association  between  hardness  of  waters  and  endemic 
goitre  obviously  requires  further  investigation. 

From  a  consideration  of  all  the  observations  des¬ 
cribed  above,  the  conclusion  emerges  that  there  must 
be  more  than  one  aetiological  factor  in  the  production 
of  simple  goitre,  the  principal  of  which  is,  of  course, 
deficiency  of  iodine.  It  may  be  possible  that  some  of 
the  conditions  leading  to  the  hypertrophy  of  the  gland 
may  operate  by  interference  with  the  utilization  of 
iodine  or  by  increasing  the  demands  on  iodine  so  that 
a  higher  level  has  to  be  ingested  to  overcome  these 
effects.  The  well  known  experiments  of  Marine  and 
Kimball  (1921)  have,  however,  demonstrated  the 
value  of  iodine  prophylaxis.  In  India  where  a  wide 
field  for  such  work  exists,  there  has  unfortunately 
been  no  attempts  to  find  how  iodine  prophylaxis 
would  work.  It  is  imperative,  both  from  the  scienti¬ 
fic  as  well  as  public  health  standpoint  that  trials  with 
iodized  salts  should  be  undertaken,  for  these,  in  the 
opinion  of  the  FAO/YVHO  Expert  Committee  on 
Nutrition  (1950),  appear  to  be  the  best  and  cheapest 
way  of  not  only  preventing  the  disease,  but  incidentally 
of  obtaining  valuable  information  on  the  aetiology  of 
simple  goitre. 


NUTRITIONAL  OEDEMA  SYNDROME 

The  syndrome  ‘Malignant  Malnutrition’  also 
known  as  ‘Kwashiorkor’,  has  been  described  from 
various  parts  of  the  world.  The  first  descriptions  of 

whVY  wrnme  afpeared  from  *h«  African  continent 

orkor- WlT  't™8  I933>.  gaVC  “  thC  namC  °f  ‘Kwashi¬ 
orkor  .  Later  several  reports  dealing  with  its  occur- 
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rence  appeared  from  Mexico,  Brazil,  Cuba,  Ceylon, 
etc.  It  is  usually  the  children  in  the  post-weaning 
period  who  suffer  from  the  disease,  although  occa¬ 
sionally  it  is  seen  in  adults  as  well.  The  characteris¬ 
tics  of  the  disease  are  diarrhoea,  oedema,  dermatosis 
and  a  fatty  liver.  Among  the  dark  African  races 
depigmentation  of  hair  and  skin  may  be  seen.  High 
mortality  has  been  a  feature  reported  upon  by  several 
workers.  Recently  Trowell  (1949)  has  summarised 
the  existing  knowledge  on  the  occurrence,  etiology, 
prognosis  and  sequelae  of  Kwashiorkor. 

The  appearance  of  the  disease  in  India  was  first 
reported  by  Hare  (1947)  who  described  four  cases  with 
the  characteristic  features  mentioned  above.  All  the 
four  cases  terminated  fatally.  Chaudhuri  ( 1 947 )> 
Passmore  (1947)  Raman  (1948)  also  make  refer¬ 
ences  to  the  occurrence  of  the  disease  in  India.  Later, 
Ramalingaswami,  Menon  and  Venkatachalam  (1948) 
gave  under  the  name  infantile  pellagra  an  account  of 
five  cases  seen  at  Coonoor.  They  mention,  however, 
that  the  condition  was  more  akin  to  ‘Malignant  Mal¬ 
nutrition’  than  to  infantile  pellagra.  All  their  cases 
also  had  a  fatal  ending.  Recent  experience  with  a 
larger  number  of  cases  investigated  at  Coonoor  shows 
that  the  prognosis  is  not  so  bad  as  the  fate  of  the 
earlier  cases  had  led  one  to  believe.  Achar  (1950) 
has  treated  78  cases  in  Madras.  He  suggests  that  the 
term  nutritional  dystrophy  would  be  more  apt  than 
either  Kwashiorkor  or  Malignant  Malnutrition.  Ih 
name  Kwashiorkor  is  of  African  derivation  mean¬ 
ing  a  ‘red  boy’  and  originated  in  the  fact  that  re 
decolouration  of  hair  and  depigmentat.on .  of  the  sk. 
were  observed  in  children  suffering  from  the  disease. 
It  appears,  however,  that  in  patients  from  races  m 
lighUy  coloured  than  the  Africans,  red  discolouration 


Figure  XXIII— Cases  of  nutritional  oedema  syndrome  in  children. 
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of  hair  may  not  always  be  seen  although  the  other 
characteristic  features  of  the  syndrome  are  present. 
Naturally,  the  term  is  not  strictly  applicable  in  such 
cases.  The  term  malignant  malnutrition  is  also  inapt 
since  a  better  understanding  of  the  aetiology  of  the 
disease  and  rational  treatment  have  been  effective  in 
considerably  reducing  the  mortality.  On  the  other 
hand  the  terms  “nutritional  dystrophy”  of  Achar 
and  “chronic  subnutrition”  of  Trowell  appear  to  be 
diffuse  in  their  meaning  and  capable  of  application 
to  several  syndromes  arising  out  of  subacute  or  chro¬ 
nic  nutritional  deficiencies.  Oedema  is  a  central  and 
minimal  feature  of  the  syndrome  under  discussion; 
other  characteristics,  such  as  diarrhoea,  palpable 
liver,  dermatosis,  anaemia  and  depigmentation  of 
hair  may  individually  or  collectively  accompany  the 
oedema.  These  facts  distinguish  it  from  the  simple 
nutritional  oedema.  Our  colleague,  Dr.  C.  Gopalan 
has  suggested  the  name  ‘Nutritional  Oedema  Syn¬ 
drome’  and  we  feel  that  under  the  present  circum¬ 
stances  it  is  the  most  suitable  of  all  for  the  syndrome 
under  discussion  (Fig.  XXIII). 

The  experience  of  several  workers  abroad  as  well 
as  of  those  in  India  has  been  that  every  patient  does 
not  show  all  the  characteristic  features  of  the  syn¬ 
drome,  the  constant  features  being  restricted  to  arrest 
of  growth,  diarrhoea,  oedema,  and  anaemia  of  varying 
degree.  Anatomically  the  liver  may  or  may  not  be 
enlarged  to  a  palpable  degree.  It  is  probable,  how¬ 
ever,  that  even  in  livers  that  are  unpayable,  fatty 
infiltration  may  have  taken  place.  Some  patients 
present  themselves  with  crazy  pavement  dermatosis 
some  develop  it  during  treatment  and  some  do  not! 
Alopecia  and  or  depigmentation  of  hair  has  been  seen 
in  some  cases.  A  certain  proportion  of  the  patients 
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shows  evidence  of  suffering  from  dysenteric  disorders, 
some  others  have  a  history  of  having  so  suffered, 
while  there  is  quite  a  large  number  in  whom  no  evi¬ 
dence  of  dysentery  past  or  present  can  be  elicited. 
In  view  of  this  it  does  not  appear  as  if  dysentery  has 
a  primary  aetiological  role  in  the  disease;  it  may 
merely  accentuate  the  effect  of  chronic  malnutrition. 
Infestation  with  ascaris  is  another  factor  to  be  taken 
into  consideration.  In  four  cases  reported  by  Hare, 
ascaris  ova  were  found  in  the  stools  of  one  patient 
only.  Ramalingaswami  et  al  found  no  helminth  in¬ 
festation  in  their  cases  although  in  a  later  series  of  63 
cases  investigated  at  Coonoor  25  were  so  infested.  It 
must  be  mentioned  that  in  these  cases  only  a  single 
stool  examination  was  done  and  no  concentration 
method  was  used.  Too  much  stress,  however,  cannot 
be  laid  on  a  single  examination  of  stools.  Patients 
under  treatment  not  showing  ascaris  ova  in  stools 
have  been  found  to  pass  adult  worms  during  the 
period  of  hospitalization.  It  is  probable,  therefore, 
that  ascaris  infestation  is  more  common  in  these 
patients  than  the  above  figures  would  lead  one  to  be¬ 
lieve.  In  fact,  Achar  has  reported  that  70  patients 
out  of  78  of  his  series  harboured  round  worms. 
Among  the  backward  people  of  the  tropical  regions 
living  under  primitive  hygienic  conditions,  helminth 
infestation  is  fairly  common,  and  children  are  parti¬ 
cularly  susceptible  to  ascaris  infestation.  It  will  be 
worthwhile,  therefore,  to  study  carefully  the  role  of 
round  worms  in  the  evolution  of  the  syndrome^ 
Trowell  (1949)  has  discussed  the  combined  role  ot 
tropical  disease  and  chronic  subnutrition  in  the  deve¬ 
lopment  of  the  full  clinical  picture  of  nutritional 
oedema  syndrome.  It  is  quite  possible,  as  suggeste 
by  him,  that  ineffectively  treated  malaria,  dysentery, 
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hook-worm  or  ascaris  infestation,  etc.,  may  accelerate 
the  processes  already  set  in  motion  in  a  chronically 
under-and  malnourished  child.  It  has  to  be  remem¬ 
bered  that  already  these  children,  like  so  many  others 
of  their  class,  have  had  a  bad  start  in  life  on  account 
of  the  state  of  chronic  subnutrition  present  in  the 
mothers.  The  patients  are  mostly  derived  from  poor 
and  very  poor  class  of  people  and  neither  the  adults 
nor  children  can  be  said  to  be  living  on  diets  which 
are  qualitatively  or  quantitatively  adequate.  Super¬ 
imposed  on  this  are  the  meagre  and  faulty  diets  on 
which  the  children  are  fed  after  weaning.  These 
considerations  provide  ample  reason  to  believe  that 
first  and  foremost,  chronic  malnutrition  is  the  basis  of 
this  syndrome,  tropical  disease  playing  a  secondary 
but  an  important  role  in  its  development.  Trowell’s 
(1949)  conception  of  different  factors  operating  in  the 
development  of  marasmic  malnutrition  and  malig¬ 
nant  malnutrition  is  attractive  as  a  working  hypo¬ 
thesis.  However,  one  will  have  to  collect  more 
evidence  before  its  correctness  or  otherwise  can  be 
proved. 

As  a  rule  these  infants  are  breastfed  for  the  simple 
reason  that  the  family  cannot  afford  cow’s  milk. 
Secondly  as  it  grows  older  the  infant  does  not  receive 
satisfaction  at  the  breast  and  is  given  rice  water 
(kanjee)  as  one  or  more  supplementary  feeds.  Later 
when  the  child  is  weaned,  it  is  put  on  to  solid  food 
consisting  mainly  of  rice  with  very  little  of  other 
nutritious  foodstuffs.  This  regimen  leads  first  to  the 
arrest  of  growth  and  the  appearance  of  deficiency 
symptoms,  such  as  night  blindness,  xerosis  of  scleral 
conjuctiva  or  cornea  or  both,  anorexia,  angular 
stomatitis,  cheilosis  and  what  is  more  important  the 
onset  of  diarrhoea.  It  is  this  latter  complication  with 
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possible  intestinal  infection  or  helminth  infestation 
that  leads  to  a  restriction  of  food  and  worsening  of 
the  situation.  The  result  ultimately  is  the  develop¬ 
ment  of  a  multiple  deficiency  in  which  the  predomi¬ 
nant  feature  is  the  deficiency  of  protein. 

That  the  above  concept  is  not  far  from  correct 
can  be  seen  from  the  evidence  converging  from  two 
angles,  firstly,  the  recognition  by  Waterlow  (1948)  and 
by  Altmann  (1948)  that  the  disease  was  similar  to  that 
described  as  ‘Mehlnahrschaden’  of  the  old  German 
pediatricians  seen  in  Central  Europe  in  babies  fed 
carbohydrate  rich  and  protein  poor  foods,  and 
secondly  the  observation  made  by  Waterlow  (loc.  cit), 
Russell  (1946)  and  Altmann  (1948)  that  milk  is  of  great 
benefit  in  the  treatment  of  this  syndrome.  The  obser¬ 
vations  of  Veghelyi  (1948)  in  Budapest  revealed  that 
on  low  protein  diets  the  digestive  juices  secreted  by  the 
pancreas  decreased  even  before  changes  in  blood  and 
liver  could  be  demonstrated.  Diarrhoea  set  in  later. 
Waterlow  (loc.  cit),  and  Davies  (1948)  found  atrophic 
changes  in  the  acini  of  the  pancreas  which  may  have 
been  the  result  of  protein  deficiency. 

-  The  treatment  of  the  disease  has  undergone 
changes  as  its  aetiology  has  become  clearer.  The 
lesions  accompanying  the  syndrome  or  forming  part 
of  it  gave  an  impression  at  the  beginning  that  the 
condition  was  due  to  a  deficiency  of  one  or  more  mem- 
bers  of  the  vitamin  B  complex.  Thus  Trowell  (1940) 
believed  that  it  was  due  to  a  deficiency  of  nicotinic 
acid,  but  later  Trowell  and  Muwazi  (1945)  revised 
this  opinion  in  favour  of  a  multiple  deficiency. 
Hughes  (1946)  believed  that  riboflavin  deficiency 
was  the  predominant  feature  in  a  complex  deficiency 
manifested  as  Kwashiorkor;  cases  showing  evidence 
of  beri-beri  accompanying  the  nutritional  oedema 


Figure  XXIV-Nutritional  oedema  syndrome:  Effect  of  high  protein  diet 

(left)  patient  on  admission,  (right)  same  child  after  six  weeks 

ot  treatment  with  skim  milk  supplement. 

( Nutrition  Museum). 
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syndrome  have  also  been  not  infrequently  encounter- 
In  spite  of  the  above,  however,  the  response  to 


ed 


vitamin  therapy  has  been  disappointing.  On  the 
other  hand  Gillman  et  al  (1944)  and  Gillman  and 
Gillman  (1945)  and  Trowell  (1946)  obtained  good  re¬ 
sults  with  desiccated  stomach,  which  Gelfand  (1946) 
was  unable  to  confirm  in  his  cases.  Experiences  at 
Coonoor  and  of  Hare  in  Assam  too  have  been  unsatis¬ 
factory  with  vitamins  and  in  the  former  instance  also 
with  desiccated  stomach.  Menon  (1950)  has  observ¬ 
ed  in  Coonoor  that  simple  treatment  with  reconstitu¬ 
ted  skim  milk  in  uncomplicated  cases  gave  the  most 
encouraging  results.  At  the  commencement,  two 
ounces  of  the  powder  reconstituted  by  addition  of 
eight  volumes  of  water  was  given  in  divided  doses. 
The  dose  of  skim  milk  was  gradually  increased  as 
diarrhoea  was  controlled  and  the  general  condition 
improved.  Gradually  other  solid  foods  were  intro¬ 
duced.  The  treatment  lasted  for  17  to  43  days.  The 
cases  which  showed  associated  ocular  symptoms  of 
vitamin  A  deficiency  were  given  vitamin  A  concen¬ 
trate  in  addition.  It  is  noteworthy  that  when  diarrhoea 
lessened  and  stopped,  oedema  gradually  receded  and 
the  dermatosis  and  angular  stomatitis,  cheilosis,  glos¬ 
sitis  etc.,  also  responded.  In  ten  cases  with  diarrhoea, 
oedema  and  dermatosis  treated  on  this  regime,  seven 
were  discharged  cured.  In  twenty  cases  with  diar¬ 
rhoea  and  oedema  but  without  dermatosis,  sixteen 
were  cured.  In  earlier  cases  where  mixtures  of  nico¬ 
tinic  acid  and  riboflavin  were  given  dermatosis  and 
angular  stomatitis  responded,  but  diarrhoea  did  not 

and  the  patients  died  (Fig.  XXIV). 

Df  hWH  (fI95°r  haS  deVel°Ped  a  routine  technique 
»f  blood  transfusion  and/or  concentrated  human 

serum  transfusion,  together  with  acidified  half  cream 
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milk  fortified  by  casein  products  given  orally-  The 
reason  for  resorting  to  transfusion  is  given  as  (a)  the 
low  haemoglobin,  (b)  obvious  hypoproteinaemia  and 
(c)  the  inability  of  the  liver  to  synthesize  serum  albu¬ 
min.  Achar  reports  a  dramatic  change  in  the  child 
after  two  weeks.  Trowell  (1949)  also  mentions  the 
use  of  blood  transfusion  in  the  most  feeble  cases  and 
it  must  be  admitted  that  in  such  cases  it  may  indeed 
be  necessary.  It  is  to  be  doubted,  however,  that  the 
failure  of  intestinal  function  in  a  majority  of  cases 
has  so  far  advanced  as  to  make  parenteral  therapy  a 
routine  therapeutic  procedure  of  choice.  Further, 
additional  evidence  will  have  to  be  produced  to 
prove  the  suggested  lack  of  capacity  on  the  part  of 
the  liver  of  these  patients  to  synthesize  proteins  such 
as  plasma  albumin.  The  experience  at  Coonoor  with 
about  63  cases  treated  till  now  indicates  that  in  a 
majority  of  cases  the  intestines  and  liver  can  respond 
to  oral  treatment.  The  diarrhoea,  unless  it  is  caused 
by  infection,  can  be  controlled  by  skim  milk  alone. 
Cow’s  whole  milk  is  unsuitable  as  it  may  not  be  tole¬ 
rated  in  the  early  stages.  The  diarrhoea,  as  has  also 
been  observed  by  workers  at  Coonoor,  is  fatty  show¬ 
ing  discrete  fat  globules.  With  skim  milk  the  fat 
globules  gradually  disappeared  from  the  stools  as  the 
diarrhoea  lessened.  Once  the  stools  are  well  formed 
larger  quantities  of  skim  milk  can  be  given  together 
with  other  solid  foods.  With  this  regimen  hypopro¬ 
teinaemia  has  been  found  to  respond  quite  well  as 
was  shown  by  an  average  value  of  7-12  gm.  total  pro¬ 
tein  per  100  c.c.  plasma  in  14  cases  after  treatmen 
as  against  3-86  gm.  per  100  c.c.  in  16'patients  before 

Recently,  Gopalan  and  Venkatachalam  (i95°) 
have  commenced  treating  patients  with  testosterone 
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propionate  in  addition  to  skim  milk.  The  rationale 
of  this  therapy  is  the  well  known  effect  of  the  andro¬ 
gen  on  nitrogen  retention  and  utilization,  both  in 
animals  and  in  human  beings  (Kochakian,  1946).  The 
effect  is  seen  to  better  advantage  in  debilitated  sub¬ 
jects.  The  number  of  cases  of  nutritional  oedema 
syndrome  tried  with  the  androgen  is  small,  as  yet 
only  eight  cases  have  been  treated.  The  results,  when 
compared  with  those  obtained  with  controls  on  skim 
milk  alone  are  distinctly  encouraging.  The  dis¬ 
appearance  of  oedema  was  quicker  in  testosterone 
treated  group  than  in  the  controls.  There  was,  how¬ 
ever,  little  difference  in  the  time  taken  by  plasma 
proteins  to  reach  normal  values.  These  observations 
offer  a  promising  new  line  of  treatment  and  further 
experiments  will  be  watched  with  interest. 

A  reference  to  the  work  pointing  to  pancreatic 
dysfunction  has  been  made  above.  Veghelyi  et  al 
C 1 95°)  have  reported  that  in  protein  deficiency  the 
^external)  secretory  activity  of  pancreas  suffers  owing 
to  certain  degenerative  changes  seen  in  the  acini. 
This  must  result  in  the  incomplete  digestion  of  food 
and  its  consequent  faulty  absorption.  Veghelyi 
,I94^)  had  found  that  the  concentration  of  some  pan¬ 
creatic  enzymes  in  his  patients’  serum  was  low,  being 
restored  to  normal  after  recovery.  Our  experience 
lias  been  that  in  nutritional  oedema  syndrome, 
plasma  lipase  and  esterase  activities  are  low.  The 
results  of  some  observations  are  given  in  Table  XXV. 

*Sma  esterase  was  estimated  by  the  method  of 
cherry  and  Crandal  (1932)  and  lipase  by  that  of 
^oldstein  et  al  (1948). 
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TABLE  XXV 

TOTAL  PROTEIN  AND  LIPASE  AND  ESTERASE 
ACTIVITY  OF  PLASMA  IN  NUTRITIONAL 
OEDEMA  SYNDROME 


No. 

Before 

Treatment 

No. 

After 

Treatment 

Total  plasma  protein 

% 

Range  gm.  % 

16 

3‘55  to 
555 

14 

6- 10  to 
8-70 

Average  ,, 

3-86 

7-12 

Plasma  Esterase 

Units/100  c.c. 

Range 

14 

30  to 

205 

14 

100  to 

203 

Average 

83-7 

150-6 

Plasma  lipase 

Units/100  c.c. 

Range 

7 

20  to 

65 

10 

100  to 

160 

Average 

1 

350 

136-5 

Seligman  ana  in  acinus  ~  r 

doubts'  regarding  the  specificity  of  the  curren 
methods  of  plasma  lipase  estimations.  Subsequen 
work  at  the  Nutrition  Research  Laboratories  has 
confirmed  these  doubts.  However,  it  has  now  been 
possible  to  develop  a  method  for  lipase  estimation  > 
plasma  by  taking  advantage  of  the  complete  mh  b. 
«ion  of  plasma  esterase  action  on  tr.butyr.n  in  the 
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oresence  of  sodium  tauroglycocholate  which  at  the 
;ame  time  exerts  an  activator  effect  on  lipase.  By  this 
nethod,  the  presence  of  lipase  in  plasma  has  been 
;atisfactorily  demonstrated.  The  values  given  in 
Table  XXV,  however,  are  those  obtained  by  the  older 
nethods  and  hence  should  be  interpreted  with 


:aution. 

Low  plasma  esterase  values  suggest  a  deficient  liver 
function.  Apart  from  the  abnormal  histological 
Dicture  presented  by  the  livers  in  nutritional  oedema 
yndrome,  Holmes  and  Trowell  (1948)  have  demons- 
rated  the  failure  of  liver  cells  (from  biopsy  speci- 
nens)  to  store  glycogen  in  presence  of  liberal 
imounts  of  glucose.  Waterlow  (1950)  has  found 
owered  choline  esterase  activity  of  biopsy  specimens 
)f  liver  in  two  cases.  Histologically  the  sections  from 
fiopsies  before  treatment  showed  shrunken  cells  with 
1  higher  nuclear  count  per  standard  field  than  in 
ipecimens  obtained  after  treatment.  At  this  time  the 
'ells  were  normal  in  appearance,  nuclear  count  lower 
md  choline  esterase  activity  higher.  It  would  be 
nteresting  to  continue  studies  in  other  directions  for 
.omparing  the  results  of  biochemical  examination 
vith  the  histological  appearance  of  biopsy  specimens 
ibtained  serially  in  the  course  of  treatment. 

Hepatic  structure  in  nutritional  oedema  syndrome 
las  been  studied  by  workers  at  the  Nutrition  Re¬ 
search  Laboratories  in  over  thirty  cases  with  the  help 
>f  aspiration  biopsy  technique.  In  more  than  half 
he  cases,  the  biopsy  was  repeated  after  a  period 
trying  from  4  to  8  weeks  of  treatment.  At  the  time  of 
11st  biopsy,  moderate  to  severe  fatty  infiltration  of 
iver  cells  was  seen  in  almost  every  case  as  has  been 
eported  in  the  African  and  West  Indian  cases.  The 
at  was  present  both  in  the  form  regal  of  globules 
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and  small  droplets  lined  by  several  nuclei  probably 
due  to  coalescence  of  fat  globules  in  adjacent  liver 
cells  as  described  by  Hartroft  (1951).  Contrary  to 
common  belief,  appreciable  amounts  of  glycogen  dis¬ 
placed  towards  the  periphery  of  the  cells  could  be 
demonstrated  in  many  cases.  Some  reduction  in  the 
number  and  size  of  pvroninophilic  bodies  in  the  liver 
cells  was  also  observed  in  the  majority  of  cases.  In 
livers  with  severe  fatty  infiltration  neither  pyronino- 
philic  bodies  nor  glycogen  could  be  demonstrated  in 
appreciable  amounts;  there  seemed  to  be  no  room 
for  these  components  in  the  liver  cells  which  were 
distended  with  fat.  No  necrotic  changes  were  seen 
in  any  of  the  sections  and  there  was  no  pigment  either 
in  the  liver  cells  or  Kupffer’s  cells.  The  mesenchy¬ 
mal  change  consisted  of  a  mild  histiocytic  infiltra¬ 
tion  of  vascular  tracts,  with  no  definite  increase  or 
thickening  of  reticular  fibres.  The  Kupflfer’s  cells  in 
many  cases  showed  proliferative  changes  and  several 
polymorphonuclear  cells  were  seen  in  the  sinusoids. 

Biopsy  specimens  taken  after  4  to  8  weeks  of  treat¬ 
ment  with  skimmed  milk  powder,  showed  in  most 
cases  a  remarkable  regression  of  fat  and  a  concurrent 
increase  of  glycogen  and  ribonucleoprotein  particles 
in  the  liver  cells.  The  smaller  fat  droplets  tended  to 
disappear  first,  but  the  larger  coalesced  masses  of  tat 
persisted  even  after  8  weeks  of  treatment.  Some  o 
them,  however,  failed  to  stain  completely  wit 
Sudan  IV,  suggesting  a  reduction  in  their  fat  content. 
With  the  retreat  of  fat,  there  was  increased  cellular 
infiltration  and  Kupflfer’s  cell  hyperplasia,  but  “O 
definite  fibrosis  was  observed.  The  absence  of  fib 
sis  is  probably  due  to  the  short  periods  after  wh.c 
the  biopsy  was  repeated.  However,  in  a  chi 
was  followed  up  fo'r  one  year  after  being  discharged 
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cured’  and  was  readmitted  with  recurrence  of  the 
yndrome,  well-defined  diffuse  fibrosis,  bile  duct  hy¬ 
perplasia  and  moderate  fatty  change  were  observed. 

In  the  course  of  this  work,  Ramalingaswami,  et  al 
1952)  found  that  there  was  an  abnormal  accumula- 
ion  of  cholesterol  in  the  livers  of  certain  cases  of 
lutritional  oedema  syndrome.  Their  attention  was 
irst  drawn  to  this  by  the  detection  of  crystalline 
itructures  in  the  form  of  rhombic  plates  in  the  fat 
>lobules  in  the  liver  cells.  The  crystalline  material 
vas  absent  in  sections  from  the  same  livers  which 
vere  exposed  to  the  action  of  alcohol,  acetone  and 
cylene,  indicating  that  it  was  a  lipoid  substance.  It 
vas  later  found  to  be  doubly  refractile  in  polarized 
ight,  which  suggested  that  it  might  be  cholesterol. 
Dn  subjecting  the  biopsy  specimens,  fixed  in  neutral 
ormalin,  to  chemical  estimation  of  cholesterol  by  the 
^iebermann-Burchard  reaction,  abnormally  high 
/alues  for  cholesterol  (in  two  cases,  as  high  as  10  per 
:ent  by  weight  of  dry  liver  tissue)  were  obtained. 
\lthough  only  a  small  number  of  cases  have  been 
-xamined  so  lar,  the  presence  of  excessive  amounts 
)f  cholesterol  in  nutritional  oedema  syndrome  must 
pe  considered  a  significant  finding.  The  pathogenesis 
pf  cholesterol  accumulation  in  nutritional  oedema 
iyndrome  is  being  investigated. 


The  possible  after-effects  of  nutritional  oedema 
iyndrome  in  cases  which  recover  have  been  discussed 
py  Trowell  (1949).  In  India,  unfortunately,  there  is 
itHe  information  on  this  aspect  particularly  as  the 
nterest  in  this  disease  has  been  evinced  only  recent¬ 
ly  Portal  cirrhosis  reported  as  one  of  the  sequels  is 
lot  uncommon  in  India  among  the  poorer  classes  in 
he  fourth  and  fifth  decades  of  their  life.  If  the 
evidence  from  Africa  has  any  bearing  on  the  role  of 
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malnutrition  in  the  aetiology  of  liver  disease,  it  is 
quite  probable  that  similar  causes  may  be  operative 
in  this  country  too.  It  is  better,  however,  not  to 
venture  far  in  the  realm  of  speculation  in  absence  of 
much  evidence  on  the  subject.  On  the  other  hand, 
it  is  safe  to  observe  that  infantile  biliary  cirrhosis 
seen  in  certain  parts  of  India  is  not  one  of  the 
sequelae  of  the  nutritional  oedema  syndrome. 
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CHAPTER  XX 


OTHER  DISEASES  ASSOCIATED  WITH 
DIETARY  HABITS 

URINARY  CALCULI 

IN  HIS  search  for  the  known  and  unknown  manifest¬ 
ations  of  the  influence  of  deficient  or  imbalanced 
dietaries  on  the  body  organs,  McCarrison  (1921) 
noted  the  effect  of  scorbutic  diets  on  the  bladder  of 
guinea  pigs.  This  was  seen  as  congestion  of  the 
mucous  membrane  and  patchy  ecchymosesat  various 
points  in  the  mucosa.  Histologically,  haemorrhagic 
infiltration  of  all  coats  of  the  wall  of  the  bladder  and 
degenerative  changes  in  the  epithelium  of  the  mucous 
membrane  were  found.  McCarrison  believed  that 
such  changes  could  occur  in  human  subjects  in  vita¬ 
min  C  deficiency  and  might  explain  haematuria  in 
human  scurvy.  It  is  quite  possible  that  inflamatory 
or  degenerative  changes  in  the  bladder  may  provide 
a  nidus  for  the  formation  of  vesical  calculi.  Vitamin 
C  deficiency,  however,  has  not  been  associated  with 
urinary  calculus.  However,  McCarrison  had  made  a 
note  of  the  observation  of  Osborne  and  Mendel  (1917) 
that  there  may  be  a  possible  connection  between 
partial  or  complete  dietary  deficiency  of  vitamin  A 
and  the  occurrence  of  phosphatic  urinary  calculi. 
He  ( 193 1 )  collected  information  from  various  hospitals 
in  the  country  on  the  incidence  of  urinary  lithiasis 
and  the  dietary  history  of  the  patients.  It  is  true 
that  one  cannot  consider  the  hospital  statistics  in 
India  as  a  reliable  index  of  the  incidence  of  a  disease 
among  the  general  population.  However,  the  data 
collected  by  McCarrison  have  given  some  interesting 
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information  and  revealed  trends  which  he  was  able 
to  follow  up  in  the  laboratory.  The  incidence  of 
“stone’  as  ascertained  by  McCarrison  is  illustrated 
in  Figure  XV.  The  incidence  of  stone  was  found  to 
vary  enormously,  being  highest  in  Sind,  North-West 
Frontier  Province  and  Punjab.  It  decreases  as  one 
proceeds  from  the  north  towards  the  east  or  south, 
the  only  exception  being  Manipur  on  the  eastern 
border  where  again  the  incidence  is  high. 

The  incidence  of  urinary  calculi  did  not  appear 
to  be  related  to  physical  features  of  the  country.  On 
the  other  hand  it  would  seem  as  if  the  disease  was 
more  common  in  parts  with  extremes  of  heat  and 
cold  and  great  disparity  between  night  and  day  tem¬ 
peratures  and  less  so  in  the  equable  regions  of  the 
south.  Its  incidence  appeared  to  be  associated  with 
diets  based  on  wheat,  with  one  exception,  however, 
and  that  in  the  case  of  Manipur  where  rice  forms 
the  staple  cereal.  Guided  by  these  considerations 
McCarrison  undertook  an  extensive  series  of  investi¬ 
gations  on  the  experimental  production  of  calculi  in 
albino  rats. 

McCarrison  (1927,  1930)  succeeded  in  producing 
vesical  calculi  in  a  certain  proportion  of  rats  by  feed¬ 
ing  them  diets  consisting  of  a  cereal  53  parts,  linseed 
meal  20  parts,  corn  flour  25  parts,  NaCl  1  part  and 
Ca3(PC>4)2  1  part.  Among  the  cereals  he  found 
whole  wheat  to  possess  the  highest  calculogenic  pro¬ 
perty,  for  the  relative  incidence  on  wheat,  millet,  rice 
andbajra  was  31-7  percent,  77  per  cent,  9.1  per  cent 
and  nil  respectively.  Milk  was  shown  to  exert  a  pro¬ 
tective  action.  The  “stone  promoting  factor”  m 
whole  wheat  was  not  found  in  white  flour.  McCar¬ 
rison  observed  that  the  addition  of  0.32  gm.  CaO  to 
20  gm.  of  a  ration  made  up  of  97  parts  white  bread 
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and  3  parts  dried  yeast  increased  the  incidence  of 
stone  among  his  animals  from  i6«6  to  42-8  per  cent. 
The  above  diet  was  deficient  in  vitamins  A,  C  and  D 
and  contained  excess  of  calcium.  McCarrison,  there¬ 
fore,  suggested  that  a  deficiency  of  vitamin  A  contri¬ 
buted  to  the  formation  of  urinary  calculi  and  that 
conditions  for  stone  formation  were  more  favourable 
when  there  was  excess  of  calcium  in  the  diet.  In  a 
later  publication  McCarrison  summarised  the  results 
of  his  experiments.  He  points  out  that  whereas  in 
416  rats  on  complete  synthetic  diets  and  428  rats  on 
stock  colony  diets  there  was  not  a  single  case  of  stone, 
there  were  205  cases  of  stone  in  844  faultily  fed  rats. 
The  main  defects  in  the  diets  of  the  latter  group  were 
deficiencies  of  vitamins  A  and  D  and  an  imbalance  of 
calcium  and  phosphorus.  Calculi  were  found  in  the  blad¬ 
der,  ureters  and  kidneys.  The  calculus  deposits  in  the 
bladder  on  “  lime  diets”  were  made  of  numerous  small 


and  large  rounded,  nonfacetted  and  non-pigmented 
grains  or  pellets  weighing  from  a  few  mg.  to  2,085  mg. 
In  the  ureter  there  were  only  impacted  granules. 

Newcomb  (1929)  analysed  100  human  vesical 
calculi  collected  from  all  over  India.  Of  these  9  were 
pure  urate,  2  pure  phosphate  and  3  pure  oxalate 
stones,  the  remainder  being  mixtures  of  urate-phos¬ 
phate,  urate-oxalate  and  phosphate-oxalate  stones,  the 
most  common  being  phosphate-oxalate  stones  (38). 
In  25  stones  all  the  three  salts  were  present.  The 
average  mineral  composition  of  these  stones  gave  26.4 
Der  cent  ash  of  which  over  94  per  cent  was  accounted 
For  by  phosphates  and  sulphates  of  calcium  and  mag- 
~h  Newcomb  and  Ranganathan  (i93o)  analysed 
a  further  batch  of  121  human  vesical  calculi  of  which 

WoX  C,0mp°sition  was  CaC*04  24-9  per  cent, 
•a3  (P04)2  7.4  per  cent,  MgNH4P04  6.9  per  cent. 
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protein  6-2  per  cent,  uric  acid  49.7  per  cent  and  un¬ 
determined  4.9  per  cent.  There  were  large  variations 
in  the  series  but  in  84-6  per  cent  of  stones,  uric  acid  or 
urates  was  present  which  agrees  well  with  the  figure 
of  83  per  cent  observed  by  Newcomb  in  his  earlier 
series.  Ranganathan  (1930)  and  Newcomb  and 
Ranganathan  (1930)  also  analysed  the  urinary  calculi 
produced  by  McCarrison  in  rats  kept  on  calculogenic 
diets.  In  all,  100  calculi  were  analysed.  Their 
weights  varied  from  2  mg.  to  800  mg.,  and  the  stones 
were  of  two  types,  (a)  calcium  stones  where  calcium 
was  present  as  carbonate  or  hydroxide  and  (b)  mag¬ 
nesium  ammonium  phosphate  stones.  Diets  contain¬ 
ing  excess  of  calcium  gave  rise  mainly  to  calcium 
stones.  There  was  no  uric  acid  or  urate  in  rat 
stones  as  was  to  be  expected  since  rat  is  capable  of 
metabolising  uric  acid  while  apparently  the  human 
being  is  not.  Ranganathan  (1931)  later  analysed  21 
vesical  calculi  obtained  from  cattle;  these  stones  were 
small,  rarely  exceeding  in  size  a  small  pea,  and  were 
multiple,  often  occurring  up  to  100  or  more  in  a 
single  animal.  A  comparison  of  the  average  compo¬ 
sition  of  stones  from  these  three  species  of  mammals 
given  in  Table  XXVI  is  interesting. 

It  will  be  clear  from  the  table  that  urinary  cal¬ 
culi  can  result  from  faulty  diets.  The  composition 
of  natural  human  calculi  markedly  differs  from  that 
of  experimentally  produced  calculi  in  rats.  The  latter 
approximates  more  the  stones  obtained  from  cattle. 
Human  stones  contain  varying  amounts  of  uric  aci 
and  urates;  cattle  and  rat  stones  do  not.  Then  again 
considerable  amounts  of  oxalate  are  present  in 
human  stones;  in  rat  and  cattle  stones  its  amount  is 
extremely  small  or  it  may  be  even  completely  absent. 
It  must  be  admitted  that  although  the  role  of  dietar, 
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TABLE  XXVI— COMPOSITION  OF  VESICAL  CALCULI 


Per  ioo  gm.  of  air  dry  material 


Stone 

Mois- 

ture 

Total 

N 

P2O5 

CaO 

MgO 

C2O4 

CO2 

Human 

7-2 

17-9 

6-9 

149 

2-0 

140 

— 

Cattle 

31 

0-4 

0-9 

440 

4-8 

0-6 

391 

Rat 

37-8 

8-3 

33-1 

M 

13-8 

0-3 

—  (Phos¬ 
phate 
stone) 

Rat 

14-2 

1-4 

1-1 

37-7 

1-0 

210  (Cal¬ 
cium 
stone) 

defects  in  the  prediliction  to  stone  formation  in 
human  beings  cannot  be  altogether  ignored  the  evi¬ 
dence  presented  above  is  largely  circumstantial  and 
additional  proof  is  still  necessary.  Further  it  must  be 
admitted  that  the  type  of  diets  which  McCarrison 
used  for  inducing  stone  formation  in  rats  with  greater 
frequency  is  hardly  comparable  with  the  diets  obtain¬ 
ing  in  regions  where  clinical  cases  of  urinary  calculi 
are  fairly  common.  Megaw  (1933)  analysed  the  hos¬ 
pital  statistics  from  various  districts  in  Punjab  and 
found  that  the  incidence  of  stone  in  relation  to  total 
hospital  admissions  in  the  three  principal  communities 
in  Punjab  worked  out  as  follows  : 


Community 

Hindus 

Muslims 

Sikhs 


Incidence  % 

2- o8 

3- 62 
1.05 


Megaw  felt  that  although  the  general  dietary  pat¬ 
tern  was  the  same,  Sikhs  consumed  more  milk  and 
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hence  had  a  better  balanced  diet  than  the  other 
two  communities.  This  probably  was  responsible 
for  the  comparatively  lower  incidence  among 
them. 

Wilson  and  Mukherjee  (1935)  state  that  one  possi¬ 
ble  reason  for  the  calculogenic  property  of  wheat  diet 
is  that  the  amount  of  urine  excreted  in  24  hours  is 
smaller  than  on  rice  diet.  In  one  subject,  where  the 
cereal  in  the  diet  was  the  only  variable,  they  observed 
that  the  average  urine  volume  on  wheat  diet  was 
1, 578c. c.  as  compared  to  2,954  c.c.  on  rice  diets.  The 
pH  of  urine  was  almost  identical.  The  oxalate 
content  of  wheat  diet  was  about  five  times  that  of  rice 
diet.  The  authors,  therefore,  suggest  that  owing  to  a 
smaller  urine  volume  the  less  soluble  constituents  tend 
to  precipitate,  forming  a  nucleus  for  the  future  stone. 
They  do  not  believe  that  keratinisation  of  vesical 
epithelium  is  ordinarily  responsible  for  stone  forma¬ 
tion.  The  observations  of  Wilson  and  Mukherjee 
carried  out  on  one  subject  only  are  suggestive  and 
do  merit  some  consideration;  confirmation  in  a 
large  number  of  subjects  would  of  course  be  neces¬ 
sary. 

In  1947  a  fresh  attempt  was  made  to  collect  infor¬ 
mation  on  the  incidence  of  urinary  calculi  from  dif¬ 
ferent  regions  of  India.  The  procedure  adopted  was 
similar  to  that  followed  by  McCarrison  in  his  investi¬ 
gation  in  1928.  Owing  to  unsettled  conditions  pre¬ 
vailing  in  India  in  1947  the  information  was  not 
forthcoming  on  as  extensive  a  scale  as  in  1928.  It 
was  possible,  however,  to  compare  the  returns  for 
some  of  the  regions  from  which  it  appeared  that, 
in  the  main,  the  general  picture  of  incidence 
had  not  appreciably  altered  over  the  last  twenty 

years. 
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EPIDEMIC  DROPSY 

Epidemic  Dropsy  was  first  reported  in  Calcutta 
in  1877  and  since  then  numerous  outbreaks,  in  epide¬ 
mic  form,  have  occurred  in  Bengal,  Assam,  Bihar  and 
as  far  west  as  the  Uttar  Pradesh.  Banerjee  (1928) 
reported  an  outbreak  in  Allahabad,  Sagayam  (1927) 
among  Indians  in  Fiji  Islands,  Dalai  (1929)  among 
the  Bengali  community  in  Rangoon  and  Kamath 
(1928)  in  Ganjam  District  of  the  Northern  Circars. 
A  closer  scrutiny  of  these  reports  shows  that  with  the 
exception  of  the  last  mentioned  outbreak  the  disease 
has  occurred  among  Bengalees  whether  they  lived  in 
Bengal  or  in  other  parts  of  the  world,  provided,  of 
course,  they  carried  their  dietary  habits  with  them. 

The  reasons  for  including  epidemic  dropsy  in  this 
book  are  that  (1)  its  occurrence  is  connected  with 
food  although  not  with  nutritional  deficiency  and 
(2)  at  one  time  it  was  considered  to  be  identical  with  a 
nutritional  disease,  viz.,  the  wet  type  of  beri-beri. 
Although  the  latter  concept  no  longer  holds  the  field 
it  is  certainly  interesting  to  relate  how  the  case  was 
built  up  on  what  appeared  to  be  convincing  grounds 
and  how  it  had  to  be  abandoned  when  fresh  evidence 
pointing  to  the  correct  aetiology  of  epidemic  dropsy 
came  to  light. 

Epidemic  dropsy  clinically  is  made  up  of  cardio¬ 
vascular,  cutaneous  and  alimentary  manifestations 
which  superficially  appear  to  be  similar  to  those 
found  in  beri-beri.  The  onset  may  be  sudden  or  in¬ 
sidious.  Premonitory  symptoms  are  nausea,  loss  of 
appetite,  loose  bowels  and  irregular  fever.  The  diar¬ 
rhoea  is  watery  and  continues  to  be  mild  or  may  be¬ 
come  severe.  Oedema  is  confined  to  legs  and  feet 
but  may  later  involve  thighs  and  hands  as  well;  trunk 
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and  face,  however,  are  not  affected.  The  skin  is 
hyperaemic  with  vascular  mottling  and  petechial  rash. 
The  heart  is  enlarged  involving  particularly  the  right 
side  as  in  beri-beri.  Electrocardiogram  reveals 
tachycardia  and  extrasystoles,  shortened  P-R  inter¬ 
val  and  an  abnormal  T-wave  suggestive  of  myocar¬ 
dial  degeneration.  There  are  no  changes  in  the 
nervous  system.  There  is  a  certain  degree  of  ortho- 
chromic  normocytic  anaemia;  blood  volume  remains 
unchanged  although  plasma  volume  increases;  the 
latter  effect  may  be  due  partly  to  plethora  and  partly 
to  anaemia.  Serum  calcium  is  reduced;  plasma 
chloride  shows  an  increase.  The  disease  has  a  low 
mortality  which  may  reach  io  per  cent  in  certain 
epidemics,  the  cause  of  death  in  majority  of  cases  is 
acute  cardiac  failure.  There  is  no  specific  treatment 
for  the  disease.  Hospitalisation  ensures  rest  and  good 
diet.  Medical  attention  is  directed  to  relief  of  dis¬ 
tressing  symptoms  and  prevention  of  complications 
(Chaudhuri  and  Chakravarti,  1950). 

In  the  early  days  of  the  known  history  of  the 
disease,  suggestions  regarding  an  infection  being  the 
cause  were  not  wanting,  but  in  the  absence  of  any  posi¬ 
tive  proof  the  idea  came  to  nothing.  Megaw  (1923) 
put  forward  the  suggestion  that  epidemic  dropsy  was 
only  a  different  form  of  beri-beri.  Both  diseases  were 
apparently  associated  with  the  consumption  of  rice. 
Megaw  was  of  the  opinion  that  inefficiently 
rice  under  humid  conditions  provided  a  suitable 
medium  for  the  growth  of  fungi  and  bacteria.  These 
organisms  produced  a  toxin  which  when  consumed 
for  sufficiently  long  periods  brought  on  attacks  of  ep 
demic  dropsy  or  beri-beri.  He  did  not  subscribe 
the  then  already  proved  fact  that  ben-ben  was  a  deb 
ciency  disease.  Megaw  and  Bhattacharji  (1924) 
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reported  further  studies  on  7°  cases  in  Calcutta  in 
confirmation  of  their  fungus-rice  hypothesis  and 
Acton  and  Chopra  (1925)  lent  their  weight  to  the 
views  held  by  Megaw.  They  even  reported  on  the 
properties  of  the  so  called  toxin,  isolated  from  spoilt 
rice,  the  water  soluble  fraction  being  responsible  for 
epidemic  dropsy  and  an  alcohol  soluble  factor  respon¬ 
sible  for  beri-beri.  Acton  and  Chopra  succeeded  in 
producing  oedema  in  monkeys  fed  washed  rice,  the 
sample  of  rice  being  obtained  from  supplies  known  to 
be  associated  with  an  outbreak  of  epidemic  dropsy. 
Other  monkeys  which  received  two  bananas  each  per 
day  in  addition  to  washed  rice  did  not  develop 
oedema.  It  must  be  said  that  production  of  oedema 
alone  is  not  tantamount  to  producing  epidemic 
dropsy  in  monkeys  and  that  protection  offered  by 
bananas  in  continued  presence  of  the  hypothetical 
toxin  had  no  clinical  counterpart  in  human  cases. 
Anderson  (1927)  carried  out  a  careful  survey  in  an 
Dutbreak  occurring  in  a  town  (population  8,000)  in 
Bengal  in  September  1926.  He  failed  to  find  any  asso- 
:iation  between  “infected”  rice  and  the  disease. 
Even  as  late  as  1933,  Chopra  and  Bose  held  on  to  the 
riew  that  toxins  formed  by  the  activity  of  B.  vulgaris 
Dn  moist  rice  were  responsible  for  the  cardiovascular 
lesions  seen  in  epidemic  dropsy  and  beri-beri.  In  cer- 
.ain  quarters,  however,  this  hypothesis  was  received 
with  doubts.  Firstly,  it  was  pointed  out  that  clini¬ 
cally  the  two  diseases  were  different  and  that  there 
was  little  doubt  that  wet  beri-beri  was  caused  by  a 
ieficiency  of  vitamin  Bi.  In  epidemic  dropsy  there 
was  no  peripheral  neuritis  and  although  in  both  the 
leart  was  enlarged  and  oedema  was  present  there 
were  other  differences  which  would  distinguish  one 
rom  the  other.  In  wet  beri-beri  the  oedema  can  be 
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generalised  as  against  the  oedema  of  certain  selected 
sites  in  epidemic  dropsy.  The  skin  manifestations 
and  diarrhoea  so  characteristic  of  the  latter  are  not 
known  to  occur  in  beri-beri.  Further,  the  symptoma- 
tology  of  epidemic  dropsy  is  suggestive  of  toxic  origin 
unlike  that  of  beri-beri.  Finally  the  cardiac  condi¬ 
tion  in  beri-beri  responds  dramatically  to  injections 
of  thiamine  hydrochloride,  which  do  not  have  any 
effect  on  patients  with  epidemic  dropsy.  These  diffe¬ 
rences  between  the  two  diseases  came  to  be  grasped 
only  slowly,  but  fortunately  the  confusion  now  no 
longer  exists. 

A  good  deal  of  confusion  was  due  to  the  fact  that 
the  disease  was  supposed  to  be  associated  with  rice. 
The  fact  that  epidemic  dropsy  did  not  occur  in  all 
rice  eaters  even  in  regions  where  beri-beri  was  ende¬ 
mic  should  have  given  a  lead  which  was  not  followed. 
The  curious  fact  is  that  the  disease  almost  always 
occurs  in  Bengalis.  There  must,  therefore,  be  one  or 
more  constituents  of  the  diet  to  which  Bengalis  are 
partial  and  other  rice  eaters  are  not.  Most  Bengalis 
use  mustard  oil  as  a  cooking  fat,  hence  the  interest¬ 
ing  observation  that  in  Rangoon,  Mauritius,  and  Fiji 
the  outbreaks  were  restricted  to  people  who  had  mig¬ 
rated  from  Bengal.  There  were  already  a  few  isolated 
observations  directly  implicating  mustard  oil.  The 
prestige  and  support  of  stalwarts  like  Megaw,  Acton 
and  Chopra,  however,  were  behind  the  infected  rice 
hypothesis  and  no  one  took  heed  of  the  two  sugges¬ 
tive  observations.  Sagayam  (1927)  in  Fiji  suspected 
mustard  oil  and  has  recorded  that  when  it  was 
replaced  by  coconut  oil  and  the  mustard  by 
Coleman’s  mustard  no  fresh  cases  occurred.  Kamath 
(loc.  cit)  while  describing  the  outbreak  in  Ganjam  had 
referred  to  adulteration  of  gingelly  oil  with  an  01 , 
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iressed  from  ‘Odisimari’  seed  which  has  now  been 
identified  as  the  seed  of  Argemone  mexicana.  He  knew 
hat  local  application  of  argemone  oil  caused 
rythema  of  the  skin  and  local  swelling,  but  did  not 
onsider  that  it  had  any  aetiological  role  in  epidemic 
Iropsy.  On  the  other  hand,  Sarkar  (1926)  was  quite 
>ositive,  for  he  found  epidemic  dropsy  breaking  out 
n  families  who  consumed  mustard  oil  pressed  in  a 
ountry  press  previously  used  for  pressing  argemone 


il 


Lai  and  his  colleagues  commenced  in  1937  an  ex- 
ensive  investigation  during  the  course  of  which  care- 
ul  epidemiological,  clinical  and  other  records  of 
arious  outbreaks  between  1937  and  1942  were  kept, 
^s  a  result  much  light  has  been  thrown  on  the  aetio- 
°gy  of  epidemic  dropsy.  Lai  and  Roy  (1937  a  and  b) 
eferred  again  to  the  alleged  role  of  mustard  oil  and 
>ursued  the  matter  more  vigorously  till  a  large  body 
f  evidence  was  collected  implicating  contaminated 
lustard  oil  as  the  direct  cause  of  epidemic  dropsy. 
,al,  Ghosal  and  Roy  (1937)  examined  rice  grains 
rom  affected  and  immune  localities,  but  were  unsuc- 
essful  in  isolating  B.  vulgaris.  Lai  and  Roy  (1937  c) 
arned  out  feeding  experiments  in  human  volunteers 
n  a  Calcutta  Jail  in  which  batches  were  fed  good  and 
bad’  rice  and  pure  and  ‘suspected’  mustard  oil. 
vhereas  volunteers  receiving  oil  of  known  purity  re- 
lained  healthy  throughout  the  course  of  the  exped¬ 
ient  all  the  six  subjects  in  the  suspected  oil  group 
eveloped,  during  the  course  of  10  to  23  davs 
y  peraemia  of  skin,  oedema  of  legs,  fever  and  burning 
msation  over  the  body.  Three  out  of  six  showed 
ilatation  of  the  heart.  Examination  by  more  than 
ne  experienced  clinician  confirmed  the  diagnosis 
mi  d  ePldemic  dropsy-  On  the  appearance  of 
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symptoms,  the  patients  were  hospitalized  and  treated 
with  good  diet  when  complete  recovery  took  place. 

Thus  the  role  of  mustard  oil  was  convincingly 
demonstrated.  Lai,  Ahmad  and  Roy  (1938),  however, 
were  of  the  opinion  that  ally  1  isothiocyanate  found  in 
mustard  oil  was  not  responsible  for  epidemic  dropsy, 
for  its  amount  in  ‘suspected’  oils  was  not  greater  than 
found  in  oils  known  to  be  harmless.  Lai  et  al  (1939, 
1940)  found  that  the  suspected  oil  gave  two  reactions 
which  distinguished  it  from  the  harmless  oil.  On 
shaking  with  an  equal  volume  of  concentrated  nitric 
acid,  the  acid  layer  took  on  a  brownish  red  colour. 
If  the  oil  acidified  with  glacial  acetic  acid  was  heated 
on  a  water  bath  with  a  3  per  cent  solution  of  cupric 


acetate,  a  precipitate  was  formed  and  the  aqueous 
layer  changed  from  brown  to  green.  The  former  re¬ 
action  could  be  quantitatively  carried  out  so  as  to 
detect  the  presence  of  the  toxic  substance  in  any 
sample  of  oil.  It  was  also  observed  that  several 
samples  of  mustard  seed  stored  for  pressing  contained 
varying  quantities  of  seeds  of  Argemone  mexicana.  The 
argemone  oil  itself  gave  both  the  above  tests,  thus 
lending  support  to  the  contention  that  the  presence 
of  argemone  oil  as  an  adulterant  in  mustard  oil  was 
responsible  for  epidemic  dropsy  in  persons  consuming 
the  product.  The  toxicity  of  the  oil  seemed  to  run 
almost  parallel  with  the  strength  of  the  colour 
obtained  with  nitric  acid.  This  was  later  continue 
by  Lai  and  Das  Gupta  (1941)  during  an  outbreak  in 
a  village  in  north  Bengal  where  the  mustard  seed  was 
found  contaminated  with  argemone  seed  and  the  0 
also  gave  the  characteristic  test. 

The  toxicity  of  argemone  oil  was  tested  by  raa 
cha,  Lai  and  Banerjee  (1940)  in  mice  and  guinea  P'S 
for  whom  daily  doses  of  o-i  and  0.25  c.c.  respec 
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vere  found  toxic.  A  dose  of  0-54  gm./ioo  gm.  body 
veight  was  sufficient  to  kill  a  guinea  pig.  The 
oil  lost  its  toxicity  on  being  heated  for  15  minutes  at 
>40  C.  Tissue  damage  caused  by  the  oil  could  be 
demonstrated  in  intestines,  liver  and  kidneys.  The 
nucous  membrane  of  the  stomach  and  intestines  was 
ledematous,  and  desquamating  in  places.  Cells 
howed  cloudy  swelling.  Liver  showed  portal  con¬ 
gestion  and  thrombosis  of  tributaries  of  portal  vein, 
atty  degeneration  of  parenchymal  cells  scattered 
:hroughout  the  lobule  and  necrotic  patches  near  the 
Deriphery.  Kidney  showed  acute  haemorrhagic 
glomerulotubular  nephritis.  Chopra  and  others  (1939) 
ed  five  volunteers  with  mustard  oil  to  which  was 
idded  argemone  oil  in  concentrations  of  2  to  10  per 
:ent  and  produced  oedema  in  all  of  them  within  15 
0  32  days,  marked  flush  in  2  subjects  and  cardiac 
ymptoms  in  two.  This  investigation  was  followed 
3y  the  isolation  by  Lai  and  his  associates  (1941)  of  a 
crystalline  alkaloid  as  rhombic  plates  melting  at 
[90  C.  It  gave  the  same  colour  reactions  as  toxic 
mustard  oil.  Feeding  human  volunteers  with  mustard 
)il  in  which  the  alkaloid  was  dissolved  did  not,  how¬ 
ever,  produce  characteristic  symptoms  even  after  23 
lays  of  continuous  feeding. 

Sarkar  (1941  a)  developed  yet  a  third  test  for  the 
letection  of  argemone  oil  in  mustard  oil.  Equal 
/olumes  of  the  suspected  oil  and  concentrated  hydro¬ 
chloric  acid  are  heated  on  a  boiling  water  bath  for  2 
ninutes,  alcohol  is  then  added,  followed  by  an  acid 
olution  of  ferric  chloride  and  the  mixture  is  heated 
md  shaken.  An  orange  red  precipitate  appears  indi¬ 
cating  the  presence  of  argemone  oil.  Sarkar  (1941  b)  * 
ound  that  of  14  oils  tested  only  argemone  oil  gave 
his  test.  He  also  found  that  ferric  chloride  test  was 
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more  sensitive  than  the  other  two  in  detecting  the 
presence  of  small  amounts  of  argemone  oil.  Later 
Sarkar  (1948)  reported  the  isolation  of  two  alkaloids 
dihydrosanguinarine  and  sanguinarine  from  argemone 
oil.  Of  these,  sanguinarine  was  intensely  toxic  to 
rats,  2  mg./ioo  gm.  body  weight  when  injected  proved 
lethal;  on  the  other  hand,  dihydrosanguinarine  was 
not  toxic  even  in  doses  2 }  times  or  more.  Sanguina¬ 
rine  administered  orally  at  1  mg./ioo  gm.  body  weight 
also  proved  lethal  to  rats  within  a  week.  Sarkar 
found  that  sanguinarine  inhibits  pyruvate  oxidation 
by  pigeon  brain  homogenates  and  that  this  inhibition 
could  be  prevented  by  B  A  L  (British  Anti-Lewisite). 
The  enzyme  system  poisoned  by  sanguinarine  could 
not  be  reactivated  by  B  A  L.  The  latter  exerts  its 
protective  action  in  vivo  as  well.  When  B  A  L  was 
injected  intramuscularly  in  rats  15  to  20  minutes 
earlier  than  the  injection  of  a  lethal  dose  of  sanguina¬ 
rine,  it  afforded  protection  to  85  per  cent  of  the 
animals  who  would  otherwise  have  died.  These 
observations  are  indeed  very  interesting  and  places 
the  role  of  argemone.  oil  in  the  aetiology  of  epidemic 
dropsy  on  a  surer  footing  than  before.  They  also  ex¬ 
plain  the  failure  of  Lai  et  al  to  produce  toxic  symp¬ 
toms  in  rats  by  administration  of  the  crystalline 
substance  isolated  by  them  for  it  is  probable  that  >t 
was  the  non-toxic  (or  comparatively  so)  dihydro¬ 
sanguinarine.  The  latter  forms  87  per cent  o f  the 
total  alkaloids  present  in  argemone  oil,  the  °x. 
action  is  probably  due  to  the  small  ProPortlon 

sanguinarine  that  is  present.  It  is  not  beyon  th 

reach  of  probability  that  dihydrosangumanne  could 

be  oxidised  to  sanguinarine  in  the  body  an 
prove  toxic.  More  evidence  on  the  subject  would 

welcome. 
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People  often  wonder  how  mustard  oil  gets  con¬ 
taminated  with  argemone  oil.  It  has  been  observed 
that  not  infrequently  mustard  seed  intended  for  pres¬ 
sing  is  found  mixed  with  Argemone  mexicana  seeds. 
This  mixture  can  hardly  be  considered  fortuitous  for 
some  very  valid  reasons.  Argemone  mexicana  is  a  weed 
which  grows  wild  in  jungles  and  even  on  bunds  ol 
cultivated  lands.  It  is  not  necessarily  partial  to  fields 
sown  with  mustard.  Even  assuming  that  it  was,  the 
plant  flowers  and  bears  fruit  much  later  in  the 
season  than  the  time  when  the  mustard  crop  is  har¬ 
vested.  One  cannot  escape  the  conclusion  that 
certain  unsocial  elements  make  it  their  business  to 
collect  argemone  seed  and  mix  it  with  mustard  seed. 
The  only  thing  that  is  common  between  black  mus¬ 
tard  and  the  former  is  that  both  are  black  in  colour 
and  hence  an  unwary  customer  may  not  easily  detect 
adulteration  of  the  seed.  The  practice  of  adultera¬ 
tion  is  nefarious  and  dangerous  to  public  health. 
The  ferric  chloride  test  referred  to  above  has  been  uti¬ 
lized  by  the  State  Laboratories  for  the  detection  of 
argemone  oil  in  mustard  oil.  A  tolerance  limit  of 
o-5  per  cent  has  been  set,  but  even  this  should  not  be 
permitted  in  the  interest  of  public  health.  Apart 
from  exemplary  punishment  meted  out  to  the  mis¬ 
creants,  recent  attempts  to  eradicate  the  weed  and 
thus  remove  the  source  of  trouble  are  likely  to  prove 
of  lasting  benefit  to  the  community. 

LATHYRISM 

Among  the  diseases  associated  with  the  consump¬ 
tion  of  certain  foodstuffs  lathyrism  stands  out  as  one 
of  great  importance  in  India  from  the  health  and 
economic  standpoints.  There  is  extensive  cultivation 
in  India  of  Lathyrus  sativus  known  by  several  vernacular 
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names  such  as  teora,  khesari ,  lakh  or  lang  dahl.  The 
Central  Provinces  (now  known  as  Madhya  Pradesh), 
parts  of  Central  India  now  included  in  the  states 
of  Madhya  Bharat  and  Vindhya  Pradesh,  eastern 
parts  of  the  United  Provinces,  Bihar  and  to  a  certain 
extent  North-west  Frontier  Province  of  Pakistan 
are  the  regions  where  L.  sativus  is  cultivated.  The 
plant  belongs  to  the  order  Leguminosae  and  gives 
pods  containing  black  seeds  of  the  size  of  a  pea.  The 
seed  coat  is  black  and  on  splitting  yields  a  pulse  which 
looks  not  unlike  the  Bengal  gram  pulse.  It  can  be 
cooked  as  pulses  usually  are  cooked  in  India  or  its 
flour  can  be  used  either  alone  or  in  mixture  with 
wheat  for  making  thick  unleavened  bread.  The  crop 
has  obvious  advantages  from  the  cultivator’s  point  of 
view.  It  is  comparatively  hardy,  can  be  grown  in 
fields  or  on  bunds  surrounding  the  rice  field.  It  with¬ 
stands  drought  to  a  considerable  extent  and  thrives 
under  conditions  where  a  crop  like  wheat  would  cer¬ 
tainly  fail.  It  is  these  characteristics  that  make  for 
its  abundant  growth  and  its  use  as  a  human  food  for 
poor  people  at  all  times,  so  much  so  that  during 
periods  of  famine  and  scarcity,  it  forms  a  staple  arti¬ 
cle  of  the  diet  in  certain  regions.  The  chemical  com¬ 
position  of  the  pulse  analysed  at  the  Nutrition  Re¬ 
search  Laboratories  is  given  in  Table  XXVII. 

In  its  nutritive  value  the  L.  sativus  protein  does 
not  markedly  differ  from  protein  of  some  other  pul¬ 
ses  although  it  is  markedly  inferior  to  the  proteins 
of  Bengal  gram  and  red  gram.  In  spite  of  these 
considerations  and  in  view  of  its  relative  abundance 
and  low  price,  lathyrus  pulse  has  enjoyed  consider¬ 
able  popularity  in  certain  regions  of  India. 
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TABLE  XXVII 

COMPOSITION  OF  THE  DECORTICATED  SEED  OF 
LATHYRUS  SATIVUS 


Contents  *  Per  ioo  Grams. 


Moisture  ... 

10  0  gm. 

Protein 

28-2  „ 

Ether  Extractives 

0*6  „ 

Mineral  matter 

3-0  „ 

Carbohydrate  (by  difference) 

58-2  „ 

Calcium 

0*  1 1  „ 

Phosphorus 

0-50  „ 

Iron 

Carotene 

Thiamine 

Riboflavin 

Micotinic  Acid 

5*6  mg. 

200  ,ug. 

125  „ 

414  „ 

1*2  mg. 

The  biological  value  of  L.  sativus  protein  is  rather 
ow.  The  following  figures  are  taken  from  Basu, 

Nath  and  Mukherjee  (1937)  who  used  albino  rats  for 
the  investigation. 

■ - - - - 

Level  of  intake 

I0%  *5% 

Digestibility  co-efficient 

Biological  value  (Balance  Sheet  method).. 


(Growth  methnrll 
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The  association  of  the  consumption  of  lathyrus 
pulse  with  the  disease  now  known  as  lathyrism  was 
first  brought  to  light  in  India  by  General  Sleeman  in 
1844.  His  graphic  description  given  over  a  century 
ago  is  worth  quoting  in  full: 

“In  1829  the  wheat  and  other  spring  crops  in 
Saugor  and  surrounding  villages  were  destroyed  by 
hailstorms  and  rains  and  in  1831  they  were  destroyed 
by  blight.  During  these  three  years  the  “teori”  or 
what  in  other  parts  of  India  is  called  “  kesari  ”  ( Lathy¬ 
rus  sativus),  a  kind  of  wild  vetch  which,  though  not 
sown  itself,  is  left  carelessly  to  grow  among  the  wheat 
and  other  grains  and  given  in  the  green  and  dry  state 
to  cattle,  remained  uninjured  and  thrived  with  great 
luxuriance.  In  1831  they  reaped  a  rich  crop  of  it 
from  the  blighted  wheat  fields  and  subsisted  upon  its 
grain  during  that  and  the  following  years,  giving  the 
stalks  and  leaves  only  to  their  cattle.  In  1833  the 
sad  effects  of  this  food  began  to  manifest  themselves. 
The  younger  part  of  the  population  of  this  and  the 
surrounding  villages,  from  the  age  of  thirty  down¬ 
wards,  began  to  be  deprived  of  the  use  of  their  limbs 
below  the  waist  by  paralytic  strokes,  in  all  cases  sud¬ 
den,  but  in  some  cases  more  severe  than  others.  About 
half  the  youth  of  this  village  of  both  sexes  became 
affected  during  the  year  1833-34  and  many  of  them 
have  lost  the  use  of  their  lower  limbs  entirely  and  are 
unable  to  move.  The  youth  of  the  surrounding  vil¬ 
lages  in  which  the  “teori”  from  the  same  causes 
formed  the  chief  article  of  diet  during  the  years  1831- 
32  have  suffered  to  an  equal  degree.  Since  the  year 
1834  no  new  case  has  occurred  but  no  person  once 
attacked  had  been  found  to  recover  the  use  of  limbs 
affected  and  my  tent  was  surrounded  by  great  num 
bers  of  the  youth,  in  different  stages  of  the  disease, 
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imploring  my  advice  and  assistance  under  the  dread¬ 
ful  visitation.  Some  of  them  were  very  fine  young 
men  of  good  caste  and  respectable  families  and  all 
stated  that  their  pains  and  infirmities  were  confined 
entirely  to  the  part  below  the  waist.  They  described 
the  attack  as  coming  on  suddenly,  often  while  the 
person  was  asleep,  and  without  any  warning  symptoms 
whatever  and  stated  that  a  greater  portion  of  young 
men  were  attacked  than  of  the  young  women.  It  is 
the  prevailing  opinion  of  the  natives  throughout  the 
country  that  both  horses  and  bullocks,  which  have 
been  much  fed  upon  “teori”  are  liable  to  lose  the  use 
of  their  limbs,  but  if  the  poisonous  quantities  abound 
more  in  grain  than  the  stalk  or  leaves,  a  man  who 
eats  nothing  but  the  grain  must  be  more  liable  to 
suffer  from  the  use  of  the  food  than  beasts,  which  eat 
it  merely  as  they  eat  grass  or  hay.” 

Records  of  outbreaks  of  lathyrism  between  the 
time  when  Sleeman’s  description  appeared  and  the 
first  decade  of  the  present  century  are  not  readily 
available  unless  one  searches  the  archives  of  some 
provincial  health  departments.  From  1904  onwards, 
however,  one  finds  frequent  mention  of  the  disease 
having  occurred  in  sporadic  or  epidemic  outbreaks  in 
several  provinces.  Buchanan  (1904),  Acton  (1922) 
and  McGombie  Young  (1927)  report  its  occurrence  in 
the  Central  Provinces;  McCarrison  (1926)  and  Mac¬ 
kenzie  (1927)  have  described  it  in  Gilgit  Agency  in 
Kashmir,  Stott  (1930)  in  Uttar  Pradesh  (United  Pro¬ 
vinces)  and  Shourie  (1945)  in  Bhopal  State  in  Central 
India.  In  the  year  1946-1947  the  Central  Provinces 
reported  its  occurrence  in  an  epidemic  form  invol¬ 
ving  about  7,000  individuals.  Although  detailed 
information  from  Bihar  is  not  available,  lathyrism  is 
undoubtedly  endemic  in  some  districts  in  the  province. 
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Lai  (1949)  describes  three  outbreaks  in  the  districts 
of  Patna,  Monghyr  and  Darbhanga  in  Bihar 
province. 

Acton’s  description  of  the  disease  and  the  discus¬ 
sion  of  its  aetiology  is  the  best  that  is  available  from 
recent  observations.  He  confirmed  Buchanan’s  esti¬ 
mate  that  in  certain  districts  the  incidence  may  be  as 
high  as  6  per  cent  of  the  population.  Acton  examined 
204  cases  between  the  ages  of  3  to  60  years.  Of  these 
170  were  between  15  and  30  years  of  age,  181  were 
males  and  23  females.  The  higher  incidence  of  the 
disease  among  males  and  in  young  adults  has  been 
confirmed  by  later  observations  as  well.  Acton  found 
that  in  Rewa  and  Sutna  towns,  the  largest  number  of 
cases  appeared  in  July.  This  he  ascribes  to  the  larger 
consumption  of  lathyrus  during  the  three  or  four 
preceding  months  than  in  the  rest  of  the  year. 

Clinical  Features:  Acton  describes  four  stages 
of  the  disease.  The  first  stage  is  characterised  by 
weakness  of  the  lower  limbs  with  spasticity  of  several 
muscles  so  that  movements  at  the  ankle  and  knee 
joints  are  restricted  and  painful.  The  knee  and  ankle 
joints  both  are  held  in  a  partially  flexed  position  so 
that  when  the  patient  walks  he  assumes  a  characte¬ 
ristic  posture  and  gait.  There  is  no  stamping  or 
swinging  round  of  the  foot  while  walking. 

In  the  second  stage,  flexion  of  knee  is  more 
marked,  there  is  a  certain  amount  of  inversion  of  the 
foot  with  tendency  to  walk  on  toes.  The  spasm  of 
adductor  muscles  causes  one  foot  to  be  brought  in 
front  of  the  other  during  progression  which  is  with  the 

help  of  a  long  stick.  1 

In  the  third  stage  the  symptoms  described  above 

become  more  marked  and  the  patient  can  only  wa 
with  the  help  of  crutches  or  sticks  (Fig.  XXV). 


Figure  XXV-Four  stages  of  lathyrism :  See  description  in  the  text. 

<By  courtesy  of  the  Indian  Medical  Gazette). 
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In  the  fourth  stage  the  knees  become  completely 
flexed  and  erect  posture  and  walk  become  impossible. 

There  is  atrophy  of  the  thigh  and  leg  muscles, 
knee  jerks  are  brisk  and  plantar  reflex  is  extensor. 

In  the  upper  extremities  and  the  rest  of  the  body 
there  is  no  motor  disturbance  and  function  is  normal. 
At  no  time  is  there  any  sensory  disturbance  such  as 
calf  tenderness,  or  numbness,  tingling,  pain,  etc.,  in  the 
affected  limbs  or  elsewhere.  Sphincters  are  usually 
not  involved  and  mental  condition  remains  normal 
throughout.  The  disease  gives  an  impression  of  being 
due  to  the  involvement  of  pyramidal  tract  probably 
in  the  proximal  lumbar  region. 

The  onset  in  most  cases  is  believed  to  be  sudden, 
for  instance,  the  attack  may  come  on  while  working 
when  the  person  may  suddenly  feel  the  loss  of  power 
in  his  legs  and  fall  down.  In  other  cases  patients 
may  find  themselves  unable  to  get  up  after  a  night’s 
sleep  before  which  they  had  been  perfectly  normal. 
It  must  be  said,  however,  that  not  enough  is  known 
of  the  latent  period  and  mode  of  onset  for  lack  of 
careful  observation.  The  progress  of  the  disease  as 
mentioned  before  may  ultimately  cripple  the  subject. 
The  patients,  whether  they  are  in  the  early  stages  or 
late,  are  not  known  to  recover  the  normal  function 
of  the  lower  extremities  at  any  time  during  their  life. 

Lathyrism  is  not  peculiar  to  India  alone.  Wher¬ 
ever  L.  sativus  is  used  as  human  food,  its  outbreaks 
have  been  reported-e.g.  in  France,  Germany,  Italy, 
Algiers  in  North  Africa,  Russia  and  more  recently  in 
Spain.  From  the  last  mentioned  country  several  re¬ 
ports  are  available  but  none  of  them  throw  additional 
light  on  the  problem.  Diaz  et  al  (1942)  have  referred 
to  the  paucity  of  information  on  morbid  anatomy  of 
the  disease.  The  reports  of  autopsies  mentioned  by 
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them  are  not  available  with  the  exception  of  one  by 
Filimonov  who  kept  a  lathyrism  patient  in  his  clinic 
for  30  years  before  he  died  of  acute  leukaemia.  In  the 
absence  of  the  original  publication,  the  interpretation 
of  Diaz  that  lesions  of  the  spinal  cord  in  the  third 
lumbar  segment  account  for  the  clinical  signs  of  the 
involvement  of  the  pyramidal  tract  has  to  be  taken 
as  probably  correct.  Clearly  further  information  on 
this  aspect  is  essential  for  any  progress  to  be  made  in 
the  understanding  of  the  disease. 

There  is  practically  no  information  from  Indian 
sources  on  the  pathology  of  the  disease,  for  there  has 
been  no  post  mortem  examination  even  of  a  single 
case.  The  reason  for  this  probably  is  that  the  afflic¬ 
ted  patients  being  incapable  of  earning  a  livelihood 
migrate  and  wander  from  place  to  place  as  beggars. 
They  ultimately  succumb  to  some  intercurrent  infec¬ 
tion.  Their  death  is  not  due  to  lathyrism  and  as  yet 
no  attempt  has  been  made  to  keep  track  of  such 
cases  and  to  study  the  anatomical  lesions  responsible 
for  the  disability,  although  on  theoretical  grounds  the 
pyramidal  tract  has  been  considered  to  be  involved. 

The  attempts  to  produce  the  disease  experiment¬ 
ally  in  laboratory  animals  have  not  at  all  been  suc¬ 
cessful.  McCarrison  (1928)  fed  to  rats  L.  sativus 
obtained  from  areas  where  lathyrism  cases  had  occur¬ 
red.  Wheat  and  lathyrus  were  fed  in  different  pro¬ 
portions  but  even  on  100  per  cent  lathyrus  diet  fed 
for  200  days  no  symptoms  could  be  produced  in  rats. 
This  experiment  was  later  repeated  by  McCarrison 
and  Krishnan  (1934)  with  a  sample  of  pure  strain  ot 
L  sativus  with  the  same  result.  In  1946,  Patwardhan 
once  again  used  a  market  sample  of  the  lathyrus  gram 
and  found  that  rats  were  not  affected.  There  was  a 
popular  belief  that  lathyrism  may  be  caused  y 
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consumption  of  seeds  of  Vicia  saliva  which  are  often 
found  admixed  with  lathyrus  crop.  Anderson,  Howard 
and  Simonsen  (1924)  conducted  experiments  with  pure 
strains  of  L.  sativus  and  V.  sativa.  The  latter  when 
fed  to  monkeys  produced  hyper-irritability  of  muscles 
and  muscular  clonus  with  symptoms  like  tetany.  In 
ducks  on  V.  sativa  diet,  symptoms  resembling  avian 
polyneuritis  were  produced.  The  feeding  of  L.  sativus 
on  the  other  hand  was  harmless.  The  condition  des¬ 
cribed  in  the  monkey  does  not  appear  to  resemble 
lathyrism  as  seen  in  human  beings.  Acton  and  Chopra 
(1922)  claimed  to  have  isolated  an  active  crystalline 
compound  which  in  guinea  pigs  produced  a  transient 
spastic  paralysis  from  which  the  animals  recovered. 
The  authors  suggest  that  the  same  principle  may  be 
active  in  human  lathyrism.  Stott  (1930)  fed  pure 
strain  seeds  of  L.  sativus  and  Vicia  sativa  to  ponies  for 
4*  months.  During  that  time  symptoms  of  lathyrism 
did  not  develop.  The  experiment  had  to  be  concluded 
as  the  stock  of  the  two  grains  was  exhausted.  Bhagvat 
(1946)  found  that  if  guinea  pigs  were  fed  a  diet  con¬ 
taining  lathyrus  pulse  to  the  extent  of  50  per  cent  or 
over,  their  growth  was  retarded  and  the  guinea  pigs 
became  dull  and  weak  with  disinclination  to  move; 
they  also  developed  trophic  ulcers  on  hind  legs  and 
died  after  a  few  weeks;  the  cause  of  death  could  not 
be  determined.  Even  allowing  for  species  difference 
in  response,  the  above  symptoms  cannot  be  considered 
as  in  any  way  resembling  lathyrism.  It  must  be 
admitted  that  thus  far  animal  experiments  in  India 
have  thrown  no  fresh  light  on  the  subject. 

In  Spain,  Diaz  and  Vivanco  (1942)  fed  rats,  dogs 
and  monkeys  on  diets  containing  L.  sativus  obtained 
from  regions  where  outbreaks  of  lathyrism  had  occur- 
red.  They  could  not  produce  symptoms  resembling 


298 


NUTRITION  IN  INDIA 


lathyrism  in  any  of  the  three  animal  species  studied 
by  them. 

In  America,  Geiger,  Steenbock  and  Parsons  (1933) 
showed  that  rats  fed  a  diet  containing  over  50  per 
cent  of  L.  odoratus  (sweet  pea)  developed  certain  toxic 
symptoms.  These  consisted  of  lowered  growth  rate, 
marked  spinal  curvature,  deformity  of  sternum,  defor¬ 
mity  in  long  bones  with  exostoses,  shambling  gait  and 
in  a  few  animals  paralysis  of  hind  legs.  In  young 
animals  vitamin  supplements  did  not  affect  the  toxi¬ 
city  of  the  diet.  Lewis  et  al  (1948)  confirmed  the 
findings  of  Geiger  et  al  and  extended  them.  These 
authors  found  that  L.  sativus,  L.  cicera  and  L.  aphaca 
did  not  produce  any  toxic  symptoms  in  rats  whereas 
L.  hirsutus,  L.  sphericus,  L.  tingitannus  and  L.  sylvestris 
Wagneri ,  were  toxic,  the  last  named  being  the  most 
toxic.  They  also  observed  that  extra  casein  in  the 
ration  did  not  alter  the  toxicity.  The  toxic  principle 
was  extractable  with  cold  water  or  30  per  cent  alcohol, 
but  was  insoluble  in  ether  or  absolute  alcohol.  The 
legume  meal  from  which  the  active  principle  had 
been  removed  was  not  toxic,  but  could  be  rendered 
so  by  addition  of  the  concentrated  extract.  Lewis 
and  Schulert  (1949)  and  Lee  095°)  found  two  other 
species  of  lathyrus,  viz.,  L.  latifolius  and  L.  pusillus, 
to  exert  similar  toxic  effects  in  rats.  Lee  observes 
that  the  toxin  is  heat  stable  and  is  not  an  enzyme. 
Feeding  with  vitamin  E  gave  a  certain  protection 


against  paralysis.  , 

The  results  of  Geiger  et  al  and  Lewis  et  al  th 

throw  light  on  the  failure  of  McCarrison  to  produce 
toxic  symptoms  in  rats  by  feeding  with  L  sativus. 
Recent  experiments  at  Coonoor  with  monkeys  and 
dogs  point  to  the  conclusion  that  L.  sativus  may  be 
nontoxic  to  other  species  as  well.  It  must  be  admitted, 
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however,  that  clearcut  evidence  can  only  be  ob¬ 
tained  when  other  species  are  fed  pure  strains  of 
different  species  of  lathyrus.  A  re-examination  of 
certain  aspects  of  the  evidence  available  from  studies 
on  lathyrism  outbreaks  is  suggestive  of  the  fact  that 
possibly  in  human  beings  too  L.  sativus  is  nontoxic 
and  that  lathyrism  is  the  result  of  contamination  of 
L.  sativus  crops  with  one  or  more  toxic  species  of 
lathyrus.  A  few  enquiries  made  to  elicit  information 
on  the  occurrence  of  such  contamination  in  the 
Indian  lathyrus  crops  have  given  encouraging  results. 
It  has  been  reported  that  in  the  United  Provinces 
where  L.  sativus  is  grown  as  a  crop,  L.  sphericus  has 
also  been  found  to  occur.  Similarly  in  Bihar  where 
the  examination  of  a  few  samples  of  khesari  gram  was 
carried  out  in  the  Directorate  of  Agriculture  at  our 
request  it  was  found  that  V.  sativa  (1.33  per  cent) 
V.  hirsuta  (o*6i  per  cent),  L.  aphaca  (14.08  per  cent) 
and  L.  sphericus  (2*28  per  cent)  were  present  as  con¬ 
taminants.  Of  the  above,  the  grains  of  vicia  can  be 
separated  by  mechanical  cleaning.  Besides,  ex¬ 
periments  referred  to  earlier  have  shown  that  although 
vicia  contains  poisonous  alkaloids,  their  action  does 
not  produce  symptoms  in  animals  reminiscent  of 
lathyrism.  Of  the  remaining  two  contaminants, 
L.  sphericus  was  present  in  small  quantities.  The 
question  now  to  be  decided  is  whether  its  presence  in 
such  quantities  would  give  rise  to  a  condition  like 
lathyrism.  The  experiments  of  Geiger  et  al,  Lewis  et 

/a  ,  Ly  "e  not  strictly  comparable  with  the  events 

.hat  lead  to  human  lathyrism,  although  they  were 
-ffective  in  showing  up  the  harmlessness  of  L.  sativus 
»nd  toxicity  of  some  other  species  of  lathyrus.  It  will 
>e  necessary  to  carry  out  experiments  with  other  spe- 
->es  of  animals  with  L.  sativus  alone  and  mixed  in 
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different  proportions  with  a  toxic  species  like 
L.  sphericus.  The  reason  for  selecting  the  latter  as  the 
representative  of  toxic  varieties  is  the  fact  that  apart 
from  L.  odoratus  which  is  a  garden  plant,  it  is  the  only 
one  of  the  toxic  species  which  has  been  reported  to 
occur  in  India.  Such  an  investigation  is  being  plan¬ 
ned  in  India  and  is  to  be  undertaken  in  conjunction 
with  a  field  and  clinical  study  of  the  disease  in  the 
endemic  regions. 

The  Governments  of  the  regions  concerned  have  at 
various  times  taken  halting  steps  to  prevent  the  disease. 
The  ruling  prince  of  a  state  in  Central  India,  once 
forbade  paying  the  agricultural  labourer  in  kind 
which  in  that  region  was  entirely  in  the  form  of 
lathyrus  grain.  Four  years  back  the  Government  of 
Central  Provinces  ordered  that  lathyrus  shall  not  be 
sold  unless  in  a  mixture  with  other  food  grains  in 
which  its  proportion  shall  not  exceed  33  per  cent. 
The  Government  of  Madras  have  completely  banned 
the  import  and  sale  of  lathyrus  within  Madras 
Province. 

These  measures  are  at  best  of  temporary  value. 
They  do  not  solve  the  problem,  for  lathyrus  crops  are 
still  being  extensively  cultivated  and  it  is  extremely 
difficult  to  stop  poor  people  from  having  recourse  to 
this  cheap  variety  of  grain  although  they  know  that 
its  consumption  is  possibly  fraught  with  danger.  Even 
these  people  have  come  to  associate  the  disease  with 
the  consumption  of  grains  cultivated  only  in  certain 
areas.  There  might  be  some  truth  in  it,  for  Acton  has 

mentioned  that  in  Rewaand  Sutna  (Central  India)  the 

locally  grown  variety  was  probably  nontoxic,  the  is 
ease  making  its  appearance  two  to  three  months  alter 
the  people  had  consumed  the  grain  imported  from 
Bhagalpur  (Bihar).  This  observation  also  lends  suppor 
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to  the  “ contamination  hypothesis’’  of  the  aetiology 
of  human  lathyrism  mentioned  above. 
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CHAPTER  XXI 


FLUOROSIS 


IN  April  1936  the  health  inspectors  (the  junior-most 
officials  in  the  hierarchy  of  the  provincial  public 
health  directorate)  of  Podili  and  Darisi  taluks  of 
Nellore  District  in  Madras  Province  brought  to  the 
notice  of  their  District  Health  Officer,  the  occurrence 
among  the  inhabitants  of  a  disease  characterised  by 
pains  in  the  cervical  and  lumbosacral  regions  of  the 
spinal  column  and  pain  and  stiffness  in  joints  of  both 
extremities.  This  preliminary  report  biought  to  light 
a  disease  later  identified  as  fluorosis,  and  led  for  a 
time  to  intensive  investigation  into  its  incidence,  clini¬ 
cal  features  and  aetiology.  A  preliminary  account 
of  the  conditions  in  Nellore  District  was  given  by 
Shortt,  Pandit  and  Raghavachari  (1937)  which  was 
soon  followed  by  detailed  observations  by  Shortt, 
McRobert,  Barnard  and  Nayar  (1937)-  The 
ing  description  is  taken  from  the  account  given  by 


these  authors. 

The  earliest  evidence  of  fluorosis  is  found  in  mott¬ 
ling  of  teeth  which  appeared  to  be  very  common  in 
children  born  and  brought  up  in  the  endemic  area. 
Mottling  is  usually  seen  in  the  permanent  teeth  occa¬ 
sionally,  however,  deciduous  teeth  may  a  so  ^ 
involved  in  regions  where  the  fluoride  cont 
water  is  high.  The  enamel  loses  its  ustre  and 
comes  chalky  white  and  at  places  ban«Jof  chocola^ 

brown  pigmentatiom  may  be  foun  . 

pitting  as  well.  Mottling  is  observed  best  in  the  cen 

f„d,™  .r ...  i”.  “  “h"  “Tt  L 

or  both  the  jaws  may  be  involved.  T 


/ 


Figure  XXVI-An  advanced  case  of  fluorosis  showing  spinal  deformity  and 
rigidity. 

(By  courtesy  of  the  Indian  Journal  of  Medical  Research). 
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not  show  any  other  evidence  of  fluorosis  and  appear, 
except  for  mottled  teeth,  similar  in  all  respects  to 
children  belonging  to  the  nonendemic  areas. 

The  next  stage  in  the  disease  among  those  who 
continue  to  live  in  the  region  makes  its  appearance 
between  25  to  30  years  of  age.  First  to  appear  is 
the  recurrent  tingling  sensation  in  the  limbs  or  over 
the  whole  body.  This  is  followed  by  pain  and  stiff¬ 
ness  in  the  lumbar  regions  of  the  spine,  but  may  also 
extend  to  the  dorsal  and  cervical  regions.  The  stiff¬ 
ness  increases  till  the  spine  becomes  almost  a  rigid 
column.  If  the  patient  has  to  look  sideways,  he  may 
have  to  turn  the  head  with  the  trunk  in  the  desired 
direction.  Bending  of  the  back  becomes  impossible. 
The  other  joints  particularly  of  the  lower  limbs  are 
also  affected,  and  the  thorax  becomes  more  or  less 
fixed,  leading  to  abdominal  breathing.  The  patients 
assume  a  characteristic  posture  and  gait.  It  takes 
nearly  5  to  10  years  before  the  full  picture  is  develop¬ 
ed.  This  is  accompanied  by  progressive  loss  of  appe¬ 
tite  and  general  wasting,  loss  of  sphincter  control  and 
impotence.  The  patient  finally  becomes  so  immobile 
that  he  becomes  bed-ridden  and  succumbs  to  some 
intercurrent  infection  (Fig.  XXVI). 

The  clinical  findings  in  the  examination  of  cardio¬ 
vascular,  respiratory,  alimentary  and  nervous  systems 
did  not  reveal  anything  abnormal.  Major  changes 
were  found  in  bones  and  joints.  There  was  synosto- 
sis  of  the  entire  vertebral  column,  starting  with  the 
lumbar  region.  Kyphosis  or  scoliosis  was  present  in 

ossTfL  T7St’  the  coustochondral  junctions  were 
ossihed.  There  were  bony  outgrowths  along  the 

endmous  insertions  of  muscles  in  the  long  bones 

Osteophytic  growths  were  also  seen  at  the  borders  of 

the  nbs;  the  interosseous  membranes  between  th' 
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long  bones  were  partly  or  wholly  calcified.  X-ray 
examination  also  showed  increased  density  of  bone 
with  exaggeration  of  the  trabecular  pattern  and 
decrease  in  the  medullary  cavity.  The  movements 
of  joints,  especially  hip,  knee,  shoulder,  elbow  and 
ankle  joints,  were  limited  and  painful.  Certain  bio¬ 
chemical  investigations  were  done  in  ten  subjects. 
Blood  sugar,  cholesterol,  and  serum  magnesium  were 
within  normal  limits.  But  the  average  values  for 
serum  calcium  and  inorganic  phosphorus  were 
slightly  above  the  upper  normal  limit,  so  was  the 
serum  alkaline  phosphatase.  Kidney  function  appear¬ 
ed  to  be  impaired  in  most.  In  three  cases  the  fluor¬ 
ide  content  was  1-82  mg.  per  100  cc.  blood  and  in  the 
urine  of  six  cases  the  average  fluoride  content  was 


1.99  mg.  per  100  cc. 

The  above  investigation  was  followed  up  by  the 
examination  of  water  supplies  from  all  over  the 
Madras  Province.  About  1,747  water  samples  from 
24  districts  were  analysed  by  Raghavachari  and 
Venkataramanan  (1940)  for  their  fluorine  content; 


the  results  are  shown  in  Table  XXVIII. 

Thus  the  water  of  five  Ceded  Districts  and  of 
Nellore  especially  seemed  to  be  rich  in  fluoride.  The 
highest  fluoride  content  was  found  in  Darisi,  Podili 
and  Kanigiri  taluks  of  Nellore  District,  i.e.,  the 
regions  where  bone  fluorosis  incidence  is  at  its  highest. 
The  map  of  the  Madras  Province  given  in  Fig.  XXVI 
clearly  illustrates  the  relation  between  the  fluon  e 
content  of  water  and  incidence  of  fluorosis, 
within  the  endemic  areas  there  are  wells  with  wat 
containing  no  fluoride  or  fluoride  only  in  trace..  On 
finds  people  migrating  from  one. settlement  or  v. 
to  another  site  in  search  of  fluor.de  free 
they  have  come  to  associate  the  disease  wi 
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TABLE  XXVIII— FLUORIDE  CONTENT  OF  WATERS 
IN  MADRAS  PROVINCE 


Region 

Total 

Number 

No.  of  samples  with 

Fluoride  Content  of 

of 

Samples 

Nil  or 
Trace 

Under 

1  p.p.m. 

1  to  3 

P  P-m. 

Over  3 
p.p.m. 

Anantapur  District... 

365 

22 

58 

269 

16 

Bellary  „  ... 

50 

15 

23 

12 

... 

Cuddapah  „ 

68 

15 

19 

32 

2 

Guntur  „ 

36 

8 

6 

18 

4 

Kurnool  ,, 

31 

6 

9 

13 

3 

Nellore  „ 

611 

98 

106 

349 

58 

Total  for  Madras 
Province  (including 
other  districts  not 
mentioned  in  the 
table) 

1747 

522 

339 

795 

91 

supply  even  without  the  scientific  background  of 
knowledge.  Pandit,  Raghavachari  and  Subba  Rao 
(1940)  made  a  further  study  of  the  causative  factors 
in  endemic  fluorosis.  They  found  that  the  incidence 
of  mottled  teeth  in  Anantapur  and  Nellore  Districts 
varied  from  50  to  90  per  cent.  In  Cuddapah  it  was 
60  per  cent  and  in  a  Bellary  Famine  Gamp  the  inci¬ 
dence  was  70  per  cent.  In  Nellore  the  incidence  of 
mottled  teeth  could  be  correlated  with  the  fluoride 
content  of  water.  Bone  lesions  also  varied  according¬ 
ly,  in  one  particular  area  within  Nellore  District  the 
authors  found  74.4  per  cent  of  adult  population  of 
1,192  suffering  from  bone  fluorosis.  The  authors 
carried  out  a  diet  and  nutrition  survey  among  the 
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population.  The  diets  were  deficient  in  protective 
foodstuffs  and  hence  there  were  deficiencies  of  several 
<nutrients  particularly  of  vitamins  A  and  G.  The 
authors  were  of  the  opinion,  however,  that  ascorbic 
acid  deficiency  existed  in  greater  measure  throughout 
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the  year.  This  could  not  be  substantiated  by  clini¬ 
cal  findings  although  other  signs  of  malnutrition  such 
as  phrynoderma,  rickets,  angular  stomatitis,  xerosis, 
etc.,  were  present  to  a  marked  degree.  They  also 
observed  that  among  the  economically  higher  groups 
of  people  bone  fluorosis  was  rarer  as  .'compared  with 
its  occurrence  among  poorer  classes  of  the  endemic 
region.  This  difference  was  ascribed  to  a  better  diet¬ 
ary  of  the  former  group. 

The  highest  amount  of  fluoride  found  in  water  in 
the  endemic  region  has  not  exceeded  6  p.p.m.  In 
view  of  this  it  is  indeed  surprising  that  leisons  of  such 
severity  as  described  above  develop  in  the  local 
population.  This  is  not  in  keeping  with  the  experi¬ 
ence  in  the  United  States  of  America  where  fluorosis 
of  such  severity  has  not  been  reported  in  spite  of  the 
fact  that  water  supplies  containing  as  high  as  12  p.p.m. 
are  known  to  occur  in  certain  parts  of  the  country. 
This  is  probably  due  to  the  fact  that  effective 
methods  of  freeing  water  of  fluoride  may  have  been 
undertaken  to  protect  the  community.  Bone  lesions 
of  fluorosis  have  only  been  reported  among  cryolite 
workers  in  Scandinavia  by  Roholm  (1937)  whose  des¬ 
cription  of  the  disease  is  well  known. 

Fluorosis  in  other  parts  of  India  also  has  been 
reported.  In  Raichur,  Mahboobnagar  and  Nalgonda 
Districts  of  Hyderabad  State  bordering  on  the  ende¬ 
mic  areas  of  Madras  Province,  mottling  of  teeth  in 
children  has  been  observed,  the  fluoride  content  of 
water  varied  from  1  p.p.m.  to  5  p.p.m.  (Daver  1945). 

1  son  (J939)  and  Day  (1940)  observed  mottling  of 
teeth  in  Punjab  and  Pillai  (i942)  in  Travancore, 
Khan  (1945)  has  described  the  occurrence  of 

PunjabflU°rOS1S  U1  HUman  bdnSS  and  CattIe  in 
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A  certain  amount  of  work  on  the  role  of  diet  on 
the  progress  of  fluorosis  has  been  carried  out  in  ani¬ 
mals.  Pandit  and  Rao  (1940)  produced  chronic  fluo¬ 
rine  intoxication  in  monkeys.  They  found  that  in 
monkeys  kept  on  ascorbic  acid  deficient  diets  the 
lesions  were  more  severe,  a  finding  which  supported 
the  observations  of  Pandit  et  al  (loc.  cit)  that  in  the 
population  affected  most  by  fluorosis  a  dietary  defi¬ 
ciency  of  vitamin  C  existed.  Ranganathan  (1944) 
found  that  addition  of  calcium  salts  had  an  amelio¬ 
rative  effect  on  fluorosis  induced  in  rats.  Pillai,  Raja- 
gopalan  and  De  (1944)  observed  that  whole  milk 
powder  added  to  a  fluorosis  promoting  diet  afforded 
protection  to  rats.  It  must  be  admitted,  however, 
that  the  above  work  has  not  yet  carried  our  know¬ 
ledge  much  further  on  the  way  to  the  understanding 
of  the  role  of  one  or  more  dietary  deficiencies  in  the 
aetiology  of  fluorosis. 

The  condition  of  the  people  in  the  endemic  areas 
todate  remains  unchanged.  The  old  cases  are  pro¬ 
gressing  slowly  to  the  inevitable  end  and  new  cases 
are  appearing  on  the  scene.  No  preventive  measures 
are  known  to  have  been  taken  by  the  Government 
concerned  and  one  does  not  know  when  they  will  be 
taken.  This  is  indeed  a  sad  commentary  on  our 
public  health  administration. 
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CHAPTER  XXII 


NUTRITION  IN  PUBLIC  HEALTH  PRACTICE 

THE  CONTRIBUTION  made  by  the  State  Public 
Health  Services  in  the  fight  against  malnutrition  has 
been  extremely  meagre,  so  meagre  in  fact  that  no 
remarkable  achievement  can  be  cited  on  the  credit 
side  of  the  ledger.  This  is  indeed  astonishing  in  view 
of  the  fact  that  laboratory  researches  and  investiga¬ 
tions  in  the  field  have  demonstrated  the  crying  need 
for  some  action.  The  information  given  in  detail  in 
the  preceding  pages  must  convince  anyone  that 
whereas  nutrition  research  in  India  has  progressed 
steadily  and  satisfactorily,  its  application  in  public 
health  practice  for  the  benefit  of  the  people  has  lag¬ 
ged  behind  considerably.  It  may  be  worthwhile 
examining  the  causes  of  the  inertia,  apathy  or  inabi¬ 
lity — one  or  all  of  them— of  the  State  to  undertake 
measures  to  improve  the  nutrition  of  the  masses. 

It  was  in  1864  that  the  foundations  of  a  public 
health  service  in  India  were  laid  by  the  appointment 
of  Sanitary  Commissioners  for  the  three  Indian  pro¬ 
vinces  of  Bengal,  Bombay  and  Madras.  Prof.  Gan- 
gulee  (1938)  in  his  book  entitled  Health  and  Nutri¬ 
tion  in  India  has  described  in  brief  the  development 
of  Public  Health  Service  in  the  provinces  and  at  the 
centre.  The  Report  of  the  Health  Survey  and  Develop¬ 
ment  Committee,  Government  of  India  (1946)  has  also 
traced  the  history  of  public  health  administration  in 
India.  It  is  not  our  purpose  to  go  over  the  same 
ground  again.  It  must  be  mentioned,  however,  that 
organised  public  health  activity  in  India  has  been 
halting  in  its  progress  till  1919  and  its  efforts  on  the 
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health  of  the  community  not  very  impressive.  There 
were  some  difficulties  inherent  in  the  situation.  The 
public  health  organization  in  the  country  was  primi¬ 
tive  till  1904.  Further,  the  administration  of  public 
health  necessitated  legal  sanction  and  it  is  possible 
that  in  the  early  days  the  government  policy  of  not 
interfering  unduly  with  the  habits  and  customs  of  the 
Indian  people  and  their  mode  of  life  may  have  set  the 
pace  at  which  reforms  intended  to  improve  environ¬ 
mental  hygiene  could  be  put  through.  The  epidemic 
of  plague  which  swept  India  in  the  closing  years  of 
the  last  century  and  the  Report  of  the  Plague  Com¬ 
mission  published  in  1904  awoke  the  people  and  stir¬ 
red  the  Government  to  strengthen  the  then  existing 
public  health  administration.  When  the  Government 
of  India  Act  of  1919  came  into  force  a  large  measure 
of  autonomy  in  internal  health  administration  was 
granted  to  the  provinces.  This  fact  did  contribute  to 
the  expansion  of  public  health  services  and  the  efforts 
of  the  provincial  administration  did  to  a  certain 


extent  improve  the  environmental  hygiene  and  sani¬ 
tation  mainly  in  urban  areas.  The  villages,  however, 
benefitted  but  little.  Several  factors  may  have  con¬ 
tributed  to  this  state  of  affairs.  The  enormous  popu- 
ation,  extreme  poverty  of  the  masses  coupled  with 
wide-spread  illiteracy  and  ignorance  born  of  it  and  a 
complete  lack  of  sense  of  social  hygiene  were  tremen¬ 
dous  obstacles  to  overcome.  Added  to  these  was  the 
ever  present  financial  stringency  experienced  by  pro- 
vincial  administrations.  Hence  no  wonder  that  Public 
ealth  Department  was  one  of  those  which  could  not 
undertake  any  ambitious  programmes  for  the  im- 
provement  of  health.  Finally  the  artificial  division 

L  P  COUrtrTy7adm,nistratively  into  British  India 
1Dd  PnnCely  Indla-lef't  too  large  to  permit  any 
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uniform  policy  being  considered  for  the  country  as  a 
whole. 

The  State  Public  Health  Services  have  been  pri¬ 
marily  concerned  with  the  improvement  of  hygiene 
and  sanitation  and  with  the  fight  against  infectious 
and  communicable  diseases.  Diseases  like  small-pox, 


plague,  cholera,  malaria,  kala  azar,  etc.  have  their 
endemic  foci  within  the  country  and  given  favourable 
conditions  they  not  infrequently  break  out  in  epide¬ 
mics  calling  for  the  resources  of  the  State  for  meeting 
the  contingency.  It  can  be  said  without  exaggeration 
that  prevention  of  epidemics  of  such  diseases  has  been 
the  major  function  of  the  Public  Health  Departments. 
They  had  not  the  resources  to  eradicate  these  diseases 
or  effectively  control  them.  Greater  is  the  pity  since 
the  more  advanced  countries  have  shown  what  can  be 
achieved  in  this  field. 

Till  recently  nutrition  as  a  part  of  the  state  public 
health  responsibility  was  not  in  the  picture.  It  is  true 
that  the  role  of  nutrition  in  the  fight  against  disease  was 
scientifically  demonstrated  only  in  the  twentieth  cen¬ 
tury.  With  it  came  the  knowledge  about  the  various 
early  and  late  manifestations  of  nutritional  disorders 
and  a  realisation  that  much  of  morbidity  and  morta¬ 
lity  in  countries  such  as  India  would  be  due  basically 
to  malnutrition.  It  was  the  duty  of  the  state  to  orga¬ 
nise  collection  of  information  on  the  state  of  nutrition 
of  the  population,  particularly  the  vulnerable  groups 
in  it,  and  to  devise  ways  and  means  of  improving  the 
standard  of  nutrition  wherever  necessary.  During 
the  last  twenty  years  or  more,  several  countries  in 
Europe  and  America  took  advantage  of  sctentih 
knowledge  available  and  took  necessary  steps  in  th 
direction  Even  during  times  of  extreme  stress  such 
the  last  war,  provision  was  made  in  these  co 
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to  feed  their  peoples,  as  far  as  possible,  on  sound 
nutritional  lines.  To  give  only  one  example,  people 
in  the  United  Kingdom  were  scientifically  fed  and  the 
nutrition  of  vulnerable  groups  carefully  looked  after 
with  the  result  that  after  six  years  of  a  life  and  death 
struggle  the  country  emerged  in  a  condition  of  health 
in  some  respects  even  better  than  before  the  war. 

The  researches  of  McCarrison  and  the  obser¬ 
vations  of  the  Royal  Commission  on  Agriculture 
(1926)  on  their  significance  made  the  Government  of 
India  nutrition-conscious  for  the  first  time.  A  little 
later  the  Far  Eastern  Conference  on  Rural  Hygiene 
which  met  at  Bandoeng,  Java,  managed  to  impress 
upon  the  participating  governments  the  significance 
of  malnutrition  as  a  public  health  problem  and  the 
importance  of  taking  steps  to  tackle  it  effectively.  In 
J937>  the  Provincial  Governments  in  India  took  the 
first  step  in  this  direction,  i.e.,  to  depute  personnel 
for  training  at  the  Nutrition  Research  Laboratories, 
Coonoor,  where  a  course  on  theoretical  and  practical 
nutrition  was  held  for  the  first  time  in  the  summer  of 
*937  and  then  annually  thereafter.  It  was  the  inten¬ 
tion  of  these  governments  to  appoint  the  trained  per¬ 
sonnel  as  nutrition  officers  in  charge  of  public  health 
nutrition  work  within  the  province.  However,  it  is 
sad  to  have  to  recorcf  that  a  very  small  proportion  of 
the  persons  thus  trained  is  today  actually  employed 
in  public  health  nutrition  work. 

The  organisation  and  activities  of  nutrition  sec- 
ions  in  state  governments  are  given  in  Table  XXIX. 

It  will  be  clear  from  the  Table  that  it  took 
deven  years  to  have  nutrition  sections  opened  in  iq 
provinces  and  states,  and  that  before  World  War  II 
)nly  three  governments  had  any  kind  of  nutrition 
organisations.  Subsequent  to  26  January  1950  the 


TABLE  XXIX— NUTRITION  ORGANISATION  IN  THE  INDIAN  STATES 

Nutrition 
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State  organised  Organisation  directed  by  Type  of  Activity  R' 
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Republic  of  India  has  been  divided  into  states 
)f  three  categories.  Part  A  States  are  the  regions 
vhich  were  formerly  known  as  provinces  in  which 
lave  been  incorporated  some  princely  states  which 
:hose  to  merge  with  the  neighbouring  provinces. 
5art  B  States  are  the  old  large  princely  states  singly 
>r  their  unions  wherever  they  were  formed.  In  area 
md  income  they  do  not  compare  unfavourably  with 
)art  A  States.  Part  C  States  are  centrally  administer- 
:d  areas.  These  are  small  and  distributed  through- 
>ut  the  country.  The  number  of  existing  nutrition 
•rganisations  in  the  whole  country  is  shown  below: 

Part  A  Part  B  Part  C 
"otal  number  of  States  ....  9  9  9 

dumber  of  nutrition 

organisations  ....  7  2  nil 

Most  of  these  organisations  follow  one  pattern. 
The  nutrition  section  is  a  part  of  the  public  health 
lirectorate  and  is  under  the  charge  of  a  nutrition 
officer,  assisted  by  field  technician  staff  and  some 
dministrative  staff.  Only  in  Bihar  was  the  section 
>rovided  with  laboratory  facilities  right  from  its  corn- 
aencement.  Recently,  Bombay  has  organised  its 
mtrition  section  on  a  more  liberal  scale  adequately 
taflfed  and  provided  with  laboratory  and  hospital 
acilities.  Madras  State  has  also  reorganised  its 
Nutrition  Bureau  with  a  view  to  make  it  a  more 
fficient  organisation  than  it  was  before.  The  Tra- 
ancore  organisation  was  not  badly  organised  But 
ess  said  about  other  provincial  nutrition  organisations 
he  better.  A  very  brief  account  of  the  work  done 
»y  each  of  the  above  mentioned  nutrition  sections  will 
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now  be  given  before  making  further  observations  on 
the  subject. 

Assam:  One  diet  and  nutrition  survey  had  been 
carried  out  among  tea  garden  labourers  before  1947. 
A  few  more  diet  surveys  have  been  carried  out  since 
then.  Mild  chronic  malnutrition  was  found  preva¬ 
lent  among  the  poorer  people. 

Bengal:  The  Nutrition  Section  was  short  lived 
and  hence  no  work  was  done.  The  Provincial 
Department  of  Health  is,  however,  assisted  by  a 
Nutrition  Committee,  consisting  of  official  and  non¬ 
official  nutrition  experts.  There  is  no  indication  that 
the  establishment  of  this  Committee  had  any  effect 
on  the  inertia  of  the  Government  to  undertake  work 
in  public  health  nutrition.  On  one  occasion,  how¬ 
ever,  the  advice  of  the  Committee  was  helpful 
to  the  Government.  It  was  in  connection  with 
the  problem  of  dealing  with  the  starved  and  desti¬ 
tute  population  flowing  into  Calcutta  from  the  rest 
of  the  province  during  the  tragic  days  of  Bengal 


famine  in  1943. 

Bihar:  During  the  twelve  years  of  its  existence 
the  nutrition  section  carried  out  diet  surveys  of  over 
5,200  families  in  urban,  rural  and  industrial  areas. 
Some  repeat  surveys  were  also  done  to  evaluate  the 
effect  of  food  shortage  and  rising  prices  on  the  food 
habits  of  the  population.  In  the  earlier  surveys  it 
was  revealed  that  with  an  increase  in  income  the  con¬ 
sumption  of  protective  foods  showed  an  increase. 
Over  42,000  children  were  examined  for  the  evalu¬ 
ation  of  nutritional  status.  The  results  have  been 
referred  to  in  another  chapter.  In  the  laboratory, 
the  composition  of  over  300  foods  was  determined, 
nutritive  value  of  certain  animal  and  vegetab  e  P 
"was  evaluated.  Other  activities  of  the  sect.on 
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were  directed  to  nutritional  education  and  pio- 
paganda. 

Uttar  Pradesh  (United  Provinces) :  Nutrition 
surveys  in  school  children  in  four  districts  have  been 
carried  out. 

Punjab  :  Diet  and  Nutrition  surveys  were  carried 
out  in  several  districts  of  the  province.  Recently 
nutrition  surveys  have  been  conducted  in  relief 
camps  for  displaced  persons  (refugees  from  Pakistan). 
An  attempt  was  made  during  the  early  years  of  World 
War  II  to  provide  iodized  salt  to  the  inhabitants  of 
Kangra  Valley  where  goitre  is  endemic.  The  results 
of  this  experiment  are,  however,  not  available. 

Orissa:  Although  this  province  has  not  yet 

organised  a  separate  nutrition  section,  the  public 
health  department  did,  however,  carry  out  between 
1941-1945  diet  and  nutrition  surveys  and  repeat  sur¬ 
veys  in  some  typical  localities. 

Madhya  Pradesh  (Central  Provinces  and 
Berar):  A  few  diet  and  nutrition  surveys  were  car¬ 
ried  out  in  urban  and  rural  areas.  Some  of  these 
were  repeated.  Supplementary  foodstuffs  and  multi¬ 
vitamin  tablets  were  distributed.  Other  activities 
included  nutritional  education  and  propaganda. 

Hyderabad:  Extensive  diet  surveys  in  rural  and 
urban  areas  have  been  carried  out.  Data  are  avail¬ 
able  for  over  7,500  families.  50,000  school  children 
have  been  examined  for  their  nutritional  status.  The 
section  has  also  attempted  to  propagate  knowledge 
in  nutrition. 

Bombay:  It  is  interesting  to  note  that  a  nutri¬ 
tion  section  in  the  province  was  established  following 
the  introduction  of  cereal  rationing  in  1943.  The  sec¬ 
tion  has  gradually  developed  and  today  is  one  of  the 
3est  equipped  and  staffed  in  the  country.  Dietaries 
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of  residential  institutions  controlled  by  Govern¬ 
ment  have  been  studied  and  revised.  The  section 
also  watches  over  the  nutrition  of  relief  camps  for 
displaced  persons.  Facilities  have  recently  been  ex¬ 
tended  for  the  study  of  nutritional  diseases.  In  the 
laboratory,  investigations  on  the  nutritive  value  of 
Indian  foodstuffs  and  relation  between  poor  diet  and 
liver  disease  are  being  conducted. 

Madras:  The  Nutrition  Bureau  has  been  till 
recently  composed  of  only  two  regional  field  investi¬ 
gation  units  and  a  co-ordinating  officer  at  the  head¬ 
quarters.  The  work  has  been  entirely  concerned  with 
diet  and  nutrition  surveys.  Such  surveys  have  been 
carried  out  in  almost  all  the  districts  of  the  province 
and  within  recent  years  have  provided  authoritative 
information  on  the  dietary  habits  and  the  state  of 
nutrition  over  the  whole  province.  In  fact,  Madras 
is  the  only  State  which  possesses  adequate  informa¬ 
tion  on  the  diets  of  its  population.  The  Bureau  is 
also  engaged  in  education  and  propaganda  work  as  a 
part  of  the  campaign  for  the  improvement  of  nutri¬ 
tion  of  the  masses.  Recently  the  Nutrition  Bureau 
has  been  reorganised  with  a  view  to  enable  it  to  play 
an  effective  role  in  the  attempts  to  improve  the  nutri¬ 
tion  of  the  people. 

Travancore:  Diet  and  nutrition  surveys  in 

families  and  institutions  have  been  carried  out.  The 
nutritional  state  of  over  21,000  children  has  been 
determined. 

The  only  activity  of  importance  in  which  tft 
various  nutrition  sections  had  been  engaged  was,  as 
already  mentioned,  the  diet  and  nutrition  surveys. 
No  doubt  they  collected  valuable  information  on 
dietary  habits  and  the  state  of  nutrition  of  the  popu¬ 
lation,  particularly  of  school  children.  One  can 
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legitimately  ask,  however,  what  use  did  the  govern¬ 
ments  make  of  such  information  laboriously  collected 
and  carefully  tabulated.  None!  It  did  not  need  special¬ 


ly  organised  nutrition  sections  with  trained  nutrition 


officers  to  say  that  the  diets  of  poor  classes  in  India 
were  defective  or  that  their  children  were  suffering 
from  malnutrition.  These  facts  virtually  stared  any¬ 
one  in  the  face.  The  provincial  nutrition  organisa¬ 
tions  should  have  been  used  to  plan  and  develop 
programmes  to  fight  malnutrition.  This  was  never 
seriously  attempted.  The  governments  provided  funds 
just  enough  to  permit  the  nutrition  officers  to  tour 
round  the  province  giving  talks  on  nutrition,  organis¬ 
ing  nutrition  exhibitions  and  to  publish  pamphlets  in 
local  languages  in  addition  to  carrying  out  nutrition 
and  diet  surveys.  The  governments  probably  had  a 
naive  belief  that  that  was  all  that  was  expected  of  them. 
There  have  been  halfhearted  attempts  to  provide 
mid-day  meals  to  school  children,  distribution  of  vita¬ 
min  tablets,  food  yeast,  skim  milk,  etc.,  but  not  one 
state  government  has  pursued  with  vigour  and  con¬ 
sistency  any  measures  calculated  to  improve  the 
nutrition  of  the  people  they  governed. 


It  may  be  argued  that  the  problem  of  improving 
nutrition  of  the  Indian  population  is  so  vast  that  the 
ordinary  resources  of  any  government  are  not  likely 
to  meet  the  needs  of  the  situation.  Granted  that  it  is 
so,  there  is  another  side  of  the  picture  which  must  not 
be  ignored.  There  were  and  still  are  certain  pressing 
problems  of  limited  scope,  crying  for  relief.  Has  any 
Mate  done  anything  worth  descrihina  c,i„0  — o 


lltaiuy  uisiricts  in  Madras  State.  There  i 
2 1 


is  enough 
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scientific  knowledge  present  to  enable  the  formulation 
of  plans  for  the  control,  if  not  the  eradication  of  these 
diseases.  There  are  obviously  difficulties  in  the  way, 
but  these  difficulties  can  only  be  overcome  if  work  is 
taken  in  hand  to  solve  the  problem.  Merely  sitting 
back  taking  a  count  of  difficulties  and  seeking  shelter 
behind  the  ever  present  financial  stringency  are  not 
going  to  make  the  problem  any  easier  to  solve.  What 
is  needed  is  careful  thought,  a  full  appreciation  of  the 
damage  done  by  continuing  a  policy  of  laissez  faire 
and  a  resolution  to  remove  the  blot  of  such  preven¬ 
table  diseases  as  have  been  mentioned  above.  After 
all,  it  cannot  be  said  that  governmental  efforts  have 
eradicated  either  cholera,  plague,  or  small-pox,  but 
the  governments  are  going  on  with  the  schemes  for 
their  control  and  eradication.  Success  has  been  only 
partial  and  slow  to  come  by,  but  few  people  can 
accuse  the  government  of  neglect  in  the  matter. 
Unfortunately,  the  same  cannot  be  said  where  malnu¬ 
trition  and  specific  nutritional  diseases  are  concerned. 
Under  the  present  circumstances  it  is  even  difficult  to 
visualise  a  time  when  the  state  will  fully  realise  their 
responsibility  and  stir  themselves  to  action.  It  is, 
therefore,  all  the  more  necessary  to  combine  educat¬ 
ing  our  legislators  and  executives  so  that  they  may 
know  that  their  hopes  of  building  a  virile  nation  and 
of  improving  standards  of  life  will  bear  no  fruit  un¬ 
less  the  health  of  the  people  and  their  correct  nutri¬ 
tion  are  ensured  for  all  time. 
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CHAPTER  XXIII 


POPULATION  AND  FOOD  SUPPLIES 

No  DISCUSSION  on  nutrition  in  India  would  be  com¬ 
plete  without  due  consideration  being  given  to  the 
pressing  question  of  our  increasing  population  in 
relation  to  available  and  potential  food  supplies. 
Fears  have  been  expressed  both  within  the  country 
and  without  that  even  today  the  country  is  incapable 
of  supporting  its  present  population.  The  population 
pressure  is  undeniably  increasing  and  is  bound  to 
affect  adversely  any  prospect  of  improving  the  nutri¬ 
tion  of  Indian  people.  The  questions  which  face  us 
today  are:  (i)  is  the  present  population  excessive  in 
relation  to  land  resources,  (ii)  is  the  rate  ol  increase 
alarmingly  great  and  (iii)  would  the  progressive 
shrinking  of  land  area  per  capita  militate  against  the 
solution  of  food  problem  of  the  Indian  people?  A 
full  discussion  of  all  these  questions  is  not  possible 
within  the  scope  of  this  book.  We  do  not  claim  inti¬ 
mate  knowledge  of  the  subject  and  hence  the  follow 
ing  discussion  may  appear  to  treat  the  problem  on  y 
superficially.  We  only  intend  to  state  certain  facts 
and  will  attempt  to  draw  certain  conclusions  arising 
from  them.  For  greater  details  the  reader  will  have 
to  refer  to  other  books  and  treatises  on  the  subjects. 


POPULATION 
There  is  little  accurate  information  about  the 

total  population  of  the  Indian  sub-continent  before  the 

year  1872.  According  to  certain  rough  estimate  the 
population  of  India  was  approximately  100  mil 
at  the  beginning  of  the  17th  century.  It  was  only 
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the  year  1872  that  the  first  organised  census  was  taken, 
and  after  that  it  has  been  repeated  in  the  first  year  of 
every  new  decade.  Table  No.  XXX  shows  the  increase 
in  numbers  and  the  rate  of  increase  from  1872  to 
1941- 


TABLE  XXX 

POPULATION  OF  INDIA  IN  RECENT  YEARS 


Census 

Population  millions 

Increase  per  cent 
since  previous  census 

1872 

203 

— 

1881 

250 

23-2 

1891 

279 

11-6 

1901 

284 

1-8 

1911 

306 

7-7 

1921 

308 

07 

- - - 

1931 

338 

97 

1941 

389 

15-1 

1 — ' 

On  considering  the  records  for  the  last  seventy 
years  (counting  back  from  1941)  one  finds  that  it  was 
during  the  years  1921-1941  that  the  rate  of  increase 
was  comparatively  high.  In  the  preceding  three 
decades  the  population  growth  was  slow  on  account 
of  famines,  epidemics  of  plague  and  cholera,  and  the 
pandemic  of  influenza  which  swept  the  world  in  1918 
and  1919  On  the  other  hand,  no  major  calamity 
struck  India  between  1921  and  1941  to  impede  the 
unchecked  growth  of  population.  It  must  be  pointed 
3ut,  however,  that  even  during  the  years  of  accelera¬ 
ted  growth,  the  annual  rate  of  increase  was  about 
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i*5  Per  cent  which  in  itself  is  not  astonishingly  high 
It  is  the  total  number  that  is  added  every  year,  i.e., 
3  to  4  millions,  that  makes  the  problem  difficult.  It 
is  expected  that  for  some  time  to  come  this  tendency 
will  continue.  Evidence  for  this  can  be  found  in  the 
birth  and  death  rates  as  given  in  Table  XXXI. 


TABLE  XXXI 

BIRTH  AND  DEATH  RATES  IN  BRITISH  INDIA 


Period 

Birth  Rate 
per  mille 

Death  Rate 
per  mille 

1891-1900 

33 

31 

1901-1910 

38 

34 

1911-1920 

37 

34 

1921-1930 

35 

26 

1931-1940 

34 

23 

1941 

32 

22 

1942 

29 

21 

1943 

26 

23 

1944 

25 

24 

1945 

27 

25 

1946 

28 

18 

The  figures  given  above  are  admittedly  incom¬ 
plete  as  they  cover  only  British  India  and  not  the 
princely  states.  But  when  viewed  over  a  period  of 
fifty  years  or  more  they  indicate  the  trend  which 
could  be  considered  to  apply  roughly  to  the  rest  o 
India  as  well.  Death  rate  has  shown  a  substantial 
decrease  mainly  owing  to  better  health  services  and 
control  of  epidemics.  Although  the  birth  rate  ha 
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also  shown  a  tendency  to  decrease,  the  latter  is  not 
so  marked  as  that  shown  by  the  figures  for  death  rate. 
The  age  and  sex  composition  of  the  Indian  popula¬ 
tion  is  such  that  it  is  favourable  for  continued  growth 
of  the  population.  It  is,  therefore,  certain  that 
with  continued  improvement  in  health  services  the 
death  rate  would  fall  still  further  with  the  result  that 
substantial  increase  in  population  is  to  be  expected 
within  the  next  generation  at  least  unless  any  major 
calamity  such  as  widespread  famine  or  outbreak  of 
any  disease  of  pandemic  dimensions  intervenes.  If 
the  same  rate  of  increase  that  held  between  1922- 
1941  continues,  it  is  estimated  that  the  total  popula¬ 
tion  of  the  Indian  sub-continent  in  1951  will  be  about 
447  millions.  The  partition  of  the  country  in  August 
1947  has  made  the  problem  more  acute  for  India  than 
for  Pakistan,  for  nearly  four-fifths  of  the  total  popula¬ 
tion  was  left  within  the  borders  of  the  Indian  Union. 
The  estimated  population  of  the  Indian  Republic  in 
*95!  will  be  in  the  neighbourhood  of  356  millions.  It 
is  stated  that  with  the  improvement  in  the  standards 
of  living  consequent  on  developing  the  industrial 
potential  of  this  country,  the  birth  rate  would  decre¬ 
ase,  which  in  its  turn  will  lower  the  rate  of  popu¬ 
lation  increase.  Even  if  this  assumption  is  correct, 
the  effect  of  industrial  development  on  birth  rate  will 
require  at  least  a  generation,  if  not  more,  to  make 
itself  felt.  This  leaves  us  with  the  probability  (for 
I  sometime  to  come,  at  least)  of  continuous  growth  of 

population  at  the  rate  which  existed  in  the  decades 
1922-1941. 

LAND  IN  RELATION  TO  POPULATION 

The  total  land  area  of  the  Indian  sub-continent 
was  est, mated  to  be  about  1,01 1  million  acres  (1.58 
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million  square  miles).  After  the  partition,  the  total 
land  area  of  the  Republic  is  estimated  to  be  781.4 
million  acres.  The  situation  in  relation  to  the  popu¬ 
lation  as  roughly  estimated  in  1950  can  be  seen  from 
the  following  figures: 


(a) 

Total  land  area 

••••  781.4  million  acres. 

(b) 

Land  not  available 

for  cultivation,  un- 

cultivable  waste  and 

land  under  forests 

....  364'C  >> 

(c) 

Cultivated  land, cur¬ 

rent  fallow  and  cul¬ 

tivable  waste 

••••  417-4  ,,  ,> 

(d) 

Estimated  popula¬ 

tion  in  1950 

....  351-0  million. 

(e) 

Total  land  area  per 

capita 

....  2-2  acres. 

(0 

Land  available  for 

cultivation  per 

capita 

....  1-19  >> 

(g) 

Cultivated  land  per 

capita 

....  0.78  „ 

Thus  the  total  area  of  land  that  can  be  put  under 
cultivation  is  limited  to  1  19  acres  per  capita.  There 
is  a  wide  gap  between  the  land  actually  cultivated 
and  that  which  can  be  cultivated  as  a  result  of  an  all 
out  programme.  With  the  expected  increase  in  popu 
lation  at  the  rate  of  approximately  5  millions  per 
year,  the  total  land  area  per  capita  is  bound  to  shrink 
progressively  and  it  is  not  certain  where  and  when 
the  delation  between  land  and  population  will  be 

stabilized.  _  .  . 

The  Report  of  the  Famine  Enquiry  Commission 

(1944)  refers  to  an  estimate  of  an  American  agricultural 
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expert  according  to  which  the  land  needed  per  capita 
for  various  grades  of  dietaries  is  as  follows: 


Diet 

1.  Emergency  restricted  diet  •••• 

2.  Adequate  diet  at  minimum 

cost 

3.  Adequate  diet  at  moderate 

cost 

4.  Liberal  diet 


Acres  per  capita 
1-2 

1- 8 

2- 3 

3- i 


There  is  no  need  to  go  into  details  about  the  com¬ 
position  of  diets  included  in  each  category.  It  must 
be  clear,  however,  that  in  India  the  actual  cultivated 
land  per  capita  is  lower  than  that  required  to  give 
the  lowest  quality  diet,  and  the  plan  of  putting  under 
the  plough  the  whole  of  cultivable  land  will,  if  success¬ 
ful,  yield  in  India  only  1- 19  acres  per  capita.  It  is 
physically  impossible  to  attain  the  figure  of  2-3  acres/ 
capita,  for  the  total  land  area  in  India  is  2-2  acres/ 
capita  with  immediate  prospect  of  shrinkage.  In 
the  absence  of  more  detailed  information  about  the 
American  figures  of  land  requirement  it  will  not  be 
wise  to  comment  on  them.  Even  assuming  that  they 
correctly  represent  the  approximate  requirements, 
the  calculations  must  have  been  based  upon  the  agri¬ 
cultural  practices  and  productive  capacity  of  the  land 
m  the  U.S.A.  Land  in  India  has  been  under  cultivation 
for  centuries,  it  has  been  considerably  impoverished 
owing  to  archaic  practices  and  the  yields  have  shown 
a  tendency  to  decrease  even  over  the  last  50  years 

Takv!n?,au  theSC  thlngS  int0  consideration  one  may 
probably  be  justified  in  assuming  that  the  correspond^ 
mg  land  requirements  in  India  may  have  to  be  placed 
on  a  higher  level,  which  will  make  the  problem  of 
justing  land  requirements  to  Indian  population 
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well  nigh  impossible.  There  is  one  consideration, 
however,  which  may  throw  doubts  on  the  applicabi¬ 
lity  of  the  American  figures  of  land  requirements  to 
India.  The  types  of  diets  accepted  as  nutritionally 
adequate  differ  in  U.S.  A.  and  in  India.  In  the  former, 
greater  emphasis  is  laid  on  animal  foods  such  as  milk, 
meat  and  eggs  than  on  plant  foods,  whereas  in  India, 
the  nutritionally  adequate  diets  as  recommended  by 
the  Nutrition  Advisory  Committee  still  lean  heavily 
on  cereals  and  other  plant  foods.  While  we  do  not 
dispute  that  the  American  type  of  adequate  diet  would 
be  the  goal  worthy  to  strive  for,  conditions  in  India 
would  not  allow  the  attainment  of  that  objective 
within  any  reasonable  time.  Our  attempts  must, 
therefore,  be  directed  to  suggest  improvements  with¬ 


in  the  existing  framework  of  our  dietary  practices. 
Viewed  from  this  standpoint  with  a  greater  emphasis 
on  plant  foods,  it  must  be  clear  that  our  land  require¬ 
ments  would  probably  have  to  be  calculated  on  a 
different  basis. 

The  problem  of  utilising  the  whole  of  land  avail¬ 
able  for  cultivation  is  taxing  to  the  utmost  the 
resources  of  various  state  governments  and  the 
Indian  Central  Government.  Its  successful  solution 
depends  upon  India  being  able  to  find  sufficient 
money  to  invest  for  the  purposes  of  land  development. 
There  are  other  difficulties  too  which  can  only  be 
barely  recounted.  Poverty,  illiteracy  and  ignorance 
born  of  both  exist  in  Indian  masses  on  a  colossal 
scale.  Unscientific  and  outdated  practice*  are  ex¬ 
tremely  common  in  Indian  agriculture.  e 
mentation  of  land  has  resulted  in  small  holding 
which  are  unsuitable  for  large-scale  farmmg.  Vag 
ries  of  monsoon  result  in  floods  and  droughts  both 
of  which  are  equally  destructive.  Soil  erosion 
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proceeds  unchecked.  Deforestation  has  progressed 
without  any  attempts  to  control  it  till  recently. 
These  facts  should  give  a  rough  measure  of  the  im¬ 
mensity  of  the  problem  to  be  tackled. 

AGRICULTURAL  PRODUCTION 

The  estimated  production  of  foodstuffs  in  India 
falls  considerably  short  of  our  requirements.  An 
estimate  made  in  1944  for  undivided  India  is  given  in 
Table  XXXII. 

TABLE  XXXII— ESTIMATED  DEFICITS  IN 
FOOD  PRODUCTION 


Article 

Production 
Million  tons 

De6cit 

% 

Cereals 

60-0 

10 

Pulses 

7-5 

20 

Fats  and  oils 

1-9 

250 

Fruits 

60 

50 

Vegetables 

9.0 

100 

Milk 

230 

300 

Meat,  Fish  and  Eggs 

1-5 

300 

The  deficits  in  certain  more  important  categories 
of  foodstuffs  are  enormous  ranging  from  100  to  300 
per  cent.  It  must  be  mentioned  that  the  partition  of 
India  has,  if  anything,  made  the  situation  worse  by 
increasing  deficits  in  almost  every  category  of  food¬ 
stuff  Herculean  efforts  are  needed  to  make  up  the 
deficiency  in  order  that  Indian  citizens  may  be 
assured  of  a  nutritious  diet. 


The  Government  of  India  became  suddenly  and 
acutely  conscious  of  the  food  situation  in  ,942-43. 
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The  repercussions  of  World  War  II  and  the  experience 
of  the  Bengal  famine  prompted  the  government  to 
take  action  directed  to  the  improvement  of  food  sup¬ 
plies.  As  a  first  step  the  Government  initiated  the 
“grow-more-food  campaign”  throughout  the  country. 
The  first  object  was  to  bring  more  land  under  cultiva¬ 
tion  and  the  second  to  take  other  necessary  steps  de¬ 
signed  to  increase  food  production,  viz.,  digging  wells, 
bunding  of  tanks  for  irrigation  purposes,  composting 
for  manure,  supplying  of  improved  seed,  etc.  Under 
this  scheme  the  area  under  cash  crops  such  as  cotton, 
jute,  tobacco,  etc.,  was  not  only  controlled  but  some 
of  it  was  diverted  to  food  production.  The  campaign 
was  apparently  pushed  with  vigour  and  with  a  great 
deal  of  publicity  and  propaganda.  The  results  of  the 
campaign  as  assessed  at  the  end  of  six  years  were  ex¬ 
tremely  disappointing  and  in  certain  instances  even 
calamitous.  At  the  Ninth  Conference  of  Indian 
Society  of  Agricultural  Economics  held  in  Hyderabad 
in  December  1948  an  unrelieved  tale  of  woe  testified 
to  the  fact  that  the  campaign  had  been  an  unqualified 
failure.  The  experts  dilated  a  great  deal  upon  the 
causes  of  failure,  but  that  was  of  no  help. 


In  1944,  the  Indian  (Imperial  as.  it  then  was) 
Council  of  Agricultural  Research  published  a  memo¬ 
randum  entitled  “ Agricological  Development  in  In¬ 
dia”  in  which  detailed  plans  were  described  for  post¬ 
war  develoDment  of  agriculture  and  animal  hus- 


within  15  years  alter  th 
recurring  expenditure 
This  plan  envisaged  an 
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of  funds,  both  of  which  were  denied  to  India  due  to 
developments  which  are  too  well  known  to  require 
recapitulation. 

The  agricultural  experts  in  this  country  thus  did 
feel  that  India  could  be  self-sufficient  with  regard  to 
food.  The  Famine  Enquiry  Commission  (1944)  appoin¬ 
ted  to  investigate  the  causes  of  food  shortage  in  India 
and  Famine  in  Bengal  and  to  make  recommendations 
as  to  the  prevention  of  their  recurrence,  have  also 
taken  an  optimistic  view.  They  were  of  the  opinion 
that  India  had  the  capacity  to  produce  food  not  only 
sufficient  to  meet  the  needs  of  the  growing  popula¬ 
tion,  but  “enough  to  effect  an  improvement  in  the 
diets  of  the  people”.  In  the  face  of  the  opinion 
expressed  by  these  two  expert  bodies  we  refrain  from 
further  comment.  It  is  nevertheless  true  that  judging 
from  the  present  food  supply  situation  the  immediate 
prospect  is  none  too  bright. 

In  the  above  discussion  will  be  found  the  answers 
for  the  two  of  the  three  questions  posed  in  the  open¬ 
ing  paragraph  of  this  chapter.  It  is  comparatively 
less  easy  to  find  an  answer  for  the  third.  It  is,  how¬ 
ever,  clear  that  as  we  are  situated,  the  problem  of 
improving  nutrition  in  India  appears  considerably 
difficult.  But  we  need  not  be  despondent  on  that 
account.  There  may  be  ways  of  augmenting  our 
food  supplies.  Firstly,  there  is  considerable  scope  of 
increasing  the  yields  per  acre  of  various  food  crops. 
It  is  hoped  that  with  the  new  irrigation,  flood  control 
and  multipurpose  projects  the  dependence  of  our 
agriculture  on  monsoons  will  considerably  diminish. 
Projects  are  already  on  hand  (a)  to  conserve  waste 
for  conversion  to  manure,  (b)  to  distribute  improved 
seed  (c)  to  control  plant  diseases  and  pests,  etc.,  all 
of  which  are  calculated  to  increase  the  total  food 
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produced  in  this  country.  It  may  also  be  possible  to 
supplement  locally  grown  foodstuffs  by  imports  from 
countries  which  have  excess  to  dispose  of.  This  latter 
is  bound  up  with  the  economic  development  of  India 
and  its  increased  capacity  to  purchase  food  from 
abroad.  In  short,  the  solution  of  the  food  problem 
of  India  depends  upon  a  general  all  round  economic 
and  industrial  development  of  the  country.  As  such 
the  subject  assumes  a  very  wide  scope  and  it  is  time 
that  we  left  it  to  experts  to  describe  how  it  could  be 
done. 


REFERENCES 


The  Famine  Enquiry  Com¬ 
mission  (1944) — Final  Re¬ 
port 

Imperial  Council  of  Agri¬ 
cultural  Research  (1944) 

Indian  Society  of  Agri¬ 
cultural  Economics  —  9th 
Conference  —  Proceedings 
of  (1948) 


Manager  of  Publications, 
Government  of  India, 
Delhi,  p.  80. 

Agricological  Development 
in  India — Published  by  the 
I.C.A.R.  pp.  1-15. 

Ind.  Jour.  Agri.  Econ.  4., 
239  to  327. 


SUBJECT  INDEX 


A 

Alcoholic  Beverages 
Arack,  14 
Pachwai,  14 
Soma,  13 
Toddy,  14 
Anaemia 

Incidence,  185,  186 
Nutritional  Macrocytic, 
188-190 

Pregnancy  Macrocytic, 
191-194 

and  hookworm,  187 
and  iron  deficiency,  187 
Angular  Stomatitis,  169, 
210-212 

Anthropometric  indices, 
166-168 

Argemone  mexicana,  289 
Ascorbic  Acid 
in  blood,  117 
in  fruits,  1 14 
in  urine,  1 15-117 
in  vegetables,  on  germination, 
115 

status,  117 

B 

Barley,  9 

Bajra  ( Pennisetum  typhoideum), 

9,  31 

protein  B.V.  of,  40 
vitamins  in,  41 
Basal  Metabolism 
in  men,  121 
in  women,  124 
causes  of  low  B.M.R., 
125-130 


Beri-beri,  227-233 
incidence,  227 
and  infant  mortality, 
230-231 
and  rice,  228 
Blood 

haemoglobin,  175,  176 
r.b.c.  total  count,  175 
r.b.c.  diameter,  179 
w.b.c.  total  count,  175 
other  constituents,  182,  183 
Burning  Feet  Syndrome, 
223-225 

C 

Calcium 

absorption,  89 
availability,  91 
and  vitamin  D,  90 
requirement,  92 
Calculi,  urinary,  275-280 
composition  of, 
human,  277-279 
cattle,  279 
rat,  279 

incidence  in  India,  276 
and  diet,  276,  280 
Calories  (see  under  diets) 
Cambu  (see  bajra) 

Carotene 

absorption  from  intestine 
100 

conversion  to  vitamin  A,  101, 
102 

in  blood,  102 
in  fruits,  96 
in  vegetables,  96-98 


336 


NUTRITION  IN  INDIA 


D 

Diarrhoeas 

nonspecific,  215-217,  222 
Diets,  Indian 
characteristics  of,  139, 
142-145 

calorie  intake,  145-147 
protein  intake,  147 
fat  intake,  148 
mineral  intake,  150 
vitamin  intake,  151 
middle  class  Indian,  141 
poor  class  Indian,  140 
Diet  Surveys,  137-141 

E 

Eggs,  11 

Epidemic  Dropsy 
aetiology,  282-288 
clinical,  281-282 
incidence,  281 
Eye 

Bitot’s  Spots,  169,  200 
conjunctival  pigmentation, 
201-202 

keratomalacia,  201 
night  blindness,  202-204 
optic  atrophy,  204 
superficial  keratitis,  205 
xerosis,  169,  199 

F 

Fats,  edible 

absorption,  82-85 
effect  on  growth,  87 
Fish,  10 

Fluorine  in  water,  307-309 
Fluorosis,  304-306 
Food  production,  331 
Foodstuffs-unusual,  13 


G 

Gastric  ulcer,  213-215 
Ghee,  98 
Glossitis,  213 
Goitre 

endemic,  254 
deaf-mutism  in,  255 
etiology,  258,  259 
Goitrogenic  factor,  258 
Growth,  155-164 
height-weight-age,  155-162 
skeletal,  163 

I 

Indian  Council  of  Medical 
Research,  3 

Indian  Research  Fund  Associa¬ 
tion,  2,  4 
Iodine 

in  soil,  256 
in  urine,  257 
in  water,  256 
Iron 

availability  in  foodstuffs,  92- 
93 

in  Indian  diets,  92 

J 

Jowar  (Sorghum  vulgar e),  9,  39 
proteins  of,  40 
vitamins  in,  41 

K 

Kangra  Valley,  240-243 
Kwashiorkor  (see  under  Malig¬ 
nant  Malnutrition) 

L 

Lactic  acid 
in  blood,  109 
Land  area  in  India,  328 


SUBJECT  INDEX 


Lathyrism,  289-300 
clinical,  294,  295 
experimental,  296-298 
Legumes,  9 

Cow  gT2im(Vigna  catjang), 44,46 
Horse  gram  ( Dolichos  bijlorus), 
44,  46 

Kesari  gram  ( Lathyrus  sativus ), 
9,  291 

Peas  ( Pissum  sativum ),  44,  46 
Soya  bean  ( Glycine  hispida), 
44,  46,  50-54 
proteins,  B.V.  of,  44 
proteins,  D.C.  of,  44 

M 

Maize 

proteins,  B.V.  of,  40 
vitamins  in,  41 
Milk 

buffalo  milk,  11,12 
cow  milk,  1 1,  12 
production,  56,  57 
Milk  products,  63 
butter  milk,  61 
butter,  59,  60 
curds,  61-63 
ghee,  57,  58 
Milk  substitute 
soya  bean  milk,  52 
Malnutrition,  malignant,  221 
in  India,  260 
aetiology,  262,  263 
treatment,  264,  265 
plasma  enzymes,  268,  269 
histopathology  of  liver,  270- 
271 


337 

Nicotinic  acid 
in  blood,  1 1 1 
in  diets,  111 
in  foodstuffs,  96 
in  urine,  1 10 

Nitrogen 
in  faeces,  71 
intake,  67,  71 
in  urine,  67,  68,  71 

Nutrition  Research  Labora¬ 
tories,  4,  15 

Nutritional  oedema,  245-247 

Nutritional  oedema  syndrome 
(see  under  Malignant  mal¬ 
nutrition) 

Nutrition  Organisations  in 
States,  315-318 

Nutritional  deficiency  in  child¬ 
ren,  169 

Nutritional  status  of  children, 
164 

Nutritional  surveys,  170 

O 

Oils,  edible 
coconut,  80 
groundnut,  80 
linseed,  80 
mahua,  80 
mustard,  80 
safflower,  80 
rape,  80 
sesame,  80 

Oils,  hydrogenated,  81 

Osteomalacia,  242-244 

P 


N 

Nutrition  Advisory  Committee, 
152,  171 


Paraplegia,  spastic,  225-227 
Pellagra,  234-237 
Phosphate  absorption,  89 
Phry noderma,  169,  208-211 


22 


NUTRITION  IN  INDIA 


338 

Phytate,  90 
Plasma  proteins,  180,  181 
Population 

birth  rates,  326 
death  rates,  326 
increase,  325 
Proteins 

amino  acids  in,  46 
B.V.  of,  31,  38,  40,  44,  48, 
65,  66 

metabolism  in  Indians 
endogenous  total,  66-74 
Pulses,  9,  43 

Bengal  gram  ( Cicer  arietinum), 
44-46 

Black  gram  ( Phaseolus  mungo), 
44-46 

Green  gram  ( Phaseolus  radia- 
tus),  44-46 

Red  gram  ( Cajanus  indicus), 
44-46 

Pyridoxine 

estimation  of,  106 
Pyruvic  acid 
in  blood,  109 

R 

Ragi  ( Eleusine  coracana),  9, 
protein  B.V.  of,  40 
vitamins  in,  41 
Riboflavin 

estimation  in  foodstuffs,  106 
in  diet,  1 10 
in  urine,  1 10 
Rice,  8,  18-33 

chemical  composition,  20 
milling  of,  23-26 
parboiling  of,  26-29 
processing  of,  29-31 
proteins,  B.V.  of,  31 


vitamins  in,  21 
Rickets,  238-242 

S 

Scurvy,  237,  238 
Shark  liver  oil,  98 
Skin 

dry  and  rough,  208 
diffuse  hyperpigmentation, 
211 

lichenification,  211 
Sprue,  217-222 

T 

Teeth,  164 
Thiamine 

estimation  in  foodstuffs,  106 
in  diets,  108 
in  urine,  108,  109 
anti-thiamine  factor,  107 

V 

Vitamin  A 

absorption,  100 
deficiency,  199-204 
in  blood,  102 
in  fish  liver  oils,  99 
utilization,  100 

Vitamins  B  (see  under  thia¬ 
mine,  riboflavin,  etc.) 
Vitamin  C  (see  Ascorbic  acid.) 

W 

Wheat,  9 
atta,  36 
chappatie,  37 
purie,  38 

proteins,  B.V.  of,  38 
vitamins  in,  41 


author  index 


A 

Abrahams,  M.,  157 
Achar,  S.T.,  260,  265 
Acharya,  B.N.,  31 
Acton,  H.W.,  283,  293,  294, 
297,  300 

Ahmad,  B.,  60,  96-101,  108, 
114,  116,  167,  241,  286 
Ahmad,  N.,  189 
Ahmed,  S.S.,  106 
Aiengar,  N.A.,  186 
Altmann,  A.,  264 
Anantakrishnan,  C.P.,  83 
Anderson,  I.R.,  283 
Anderson,  L.A.P.,  297 
Aykroyd,  W.R.,  25,  27,  33,  106, 
137,  166,  199,  201,  207,  210, 
215,  216,  229,  235 

B 

Bahl,  A.N.,  97 
Bajaj,  N.L.,  235 
Bakhsh,  I.,  117 
Balfour,  M. I.,  191 
Banerjee,  B.N.,  63,  99 
Banerjee,  K.,  286 
Banerjee,  K.C.,  111,  236 
Banerjee,  R.N.,  281 
Banerjee,  S.,  93,  1 18 
Banerji,  N.D.,  120,  136 
Barai,  S.G.,  1 15 
Barnard,  T.W.,  304 
Basak,  M.N.,  31,  74,  91 
Basu,  K.P.,  19,  31,  38,  45,  47, 
65,  74,  76,  83,  86,  91,  291 
Basu,  N.M.,  103,  116,  203 
Beard,  H.H.,  74 
Benedict,  F.G.,  127,  128,  130 


Bethell,  F.H.,  193 
Bhagvat,  K.,  47,  107-108,  115, 
297 

Bharani,  S.P.,  19 
Bhattacharji,  S.R.,  282 
Bhende,  Y.M.,  190 
Bicknell,  F.,  200 
Bigwood,  E.J.,  167 
Biswas,  H.G.,  1 14 
Biswas,  R.B.,  201 
Black,  D.A.K.,  219 
Bolton,  C.P.,  89 
Boman-Beharam,  A.K.,  202 
Borgstrom,  P.,  74,  128 
Bose,  J.P.,  121,  182,  246 
Bose,  N.,  201,  205 
Bose,  S.G.,  283 
Bose,  S.M.,  99 
Boyd,  T.C.,  182 
Brooks,  F.P.,  74 
Buchanan,  A.,  293 
Bueding,  E.,  109 

C 

Campbell,  R.M.,  69 
Cannon,  P.R.,  200 
Carruthers,  L.B.,  235 
"Ghakrabarty,  M.L.,  182 
Chakraborty,  R.K.,  115 
Chakravarti,  H.,  235 
Ghakravarti,  M.B.,  237 
Chakravarti,  N.K.,  282 
Chakravarty,  R.K.,  180,  181 
Chandrasekar,  C.,  178 
Chatterjea,  J.B.,  190,  193 
Chaudhuri,  K.G.,  260 
Chaudhuri,  R.N.,  218,  235,  282 
Cherry,  I.S.,  267 


340 


NUTRITION  IN  INDIA 


Chitre,  R.G.,  19,  22,  62,  89-91, 
107,  181,  239 
Chopra,  E.C.,  14 
Chopra,  G.S.,  14 
Chopra,  R.N.,  14,  116,  180, 
283,  287,  297 
Chowdhury,  N.K.,  175 
Chowdhury,  S.,  192 
Chuttani,  P.N.,  189 
Clutterbuck,  W.,  189 
Coelho,  G.,  239 
Cook,  A.B.,  215,  216,  238 
Coward,  K.H.,  61 
Coyne,  A.E.,  229 
Crandall,  L.A.,  267 
Crofts,  E.E.,  130 
Czaczkes,  J.W.,  1 10 

D 

Dalai,  K.R.,  281 
Dann,  W.J.,  165 
Darby,  W.J.,  165,  211 
Das,  J.L.,  136 
Das,  K.L.,  114 
Das  Gupta,  A.C.,  286 
Das  Gupta,  C.R.,  175-179,  186, 
189,  190,  192,  193 
Das  Gupta,  S.M.,  100 
Datta,  N.C.,  63,  99,  180,  181, 
244 

Daver,  M.B.,  106,  309 
Davidson,  L.S.P.,  219 
Davies,  J.N.P.,  264 
Day,  C.D.M.,  309 
De,  H.N.,  31,  65,  91,  111,  115, 
236 

De,  N.K.,  60,  97,  100,  103,  203 

De,  N.N.,  310 

De,  S.S.,  47,  51,  66,91 

De,  U.N.,  121,246 

Denis,  W.,  74 


DeSa,  A.E.,  238 
Desai,  B.G.,  45 
Desai,  D.B.,  19,  107 
Desikachar,  H.S.R.,  47,  52,  62, 
66,  92 

Deuel,  H.J.  (Jr.),  74,  101,  102 
Devadas,  R.,  87 
Devi,  P.,  197,  108 
Dhayagude,  R.G.,  235 
Dhurandhar,  C.B.,  202 
Diaz,  C.J.,  295,  297 
Dikshit,  P.K.,  60,  242 
Dinkar  Rau,  I.,  234 
Du  Bois,  D.,  129 
Du  Bois,  E.F.,  129 
Dutt,  P.C.,  237 

E 

Elvehjem,  C.A.,  110 
Engel,  R.W.,  224 
Evans,  B.D.F.,  189 
Evans,  R.J.,  47 
Eyles,  C.M.E.,  114 

F 

Fairley,  N.H.,  217 
Fitzgerald,  G.H.,  212 
Fourman,  P.,  219 
Franzen,  R.,  154 
Frimodt-Moller,  J.,  87 

G 

Galstaun,  G.,  163 
Gangulee,  N.,  312 
Ganguly,  J.,  102 
Ganguly,  R.,  68 
Geiger,  B.J.,  298 
Gelfand,  M.,  265 
Ghose,  A.C.,  182 
Ghose,  A.K.,  114 
Ghosh,  A.R.,  62,  99 


AUTHOR  INDEX 


341 


Ghosh,  D.,  91 
Gillman,  J.,  265 
Gillman,  T.,  109,  265 
Gilroy,  A.,  202 
Girdwood,  R.H.,  219 
Giri,  K.V.,  91,  106,  114,  236 
Glover,  J.,  102 
Gokhale,  G.N.,  181 
Gokhale,  S.H.,  175 
Gokhale,  S.K.,  68,  182 
Goldberg,  L.,  109 
Goldsmith,  G.A.,  109 
Goldstein,  N.P.,  267 
Goodall,  J.W.D.,  190,  235 
Goodwin,  T.W.,  102 
Gopalan,  C.,  207,  208,  210,  212, 
216,  224,  225,  245,  260,  265 
Goyal,  R.K.,  62 
Green-Armytage,  V.B  ,  242 
Grewal,  K.S.,  101 
Grindley,  H.S.,  69 
Guggenheim,  K.,  110 
Guha,  B.C.,  62,  92,  93,  99 
Guha,  R.C.,  107 
Gupta,  N.,  192 
Gupta,  S.N.,  235 

H 

Haden,  R.L.,  177 
Haffekesbring,  R.,  128 
Hahn,  P.F.,  93 
Hamilton,  T.S.,  70 
Hance,  J.B.,  218 
Hansen,  A.E.,  209 
Hardikar,  S.W.,  245 
Hare,  K.P.,  187,  260,  265 
Harrison,  G.F.,  223 
Harrison,  H.C.,  90 
Harrison,  H.E.,  90 
Hartroft,  VV.S.  270 
Hassan,  M.,  102,  103,  204 


Hegsted,  M.D.,  224 
Heilig,  R.,  201,  203,  215,  235, 
242 

Hepworth,  S.M.,  163 
Hercus,  C.E.,  258 
Hess,  B.,  238 
Hinton,  28 

Holmes,  E.G.,  269 
Howard,  A.,  297 
Hughes,  W.,  264 
Hutchison,  H.S.,  239 
Hyder,  G.,  219 
Hynes,  M.,  187 

I 

Ibrahim,  M.,  102 
Innes,  E.M.,  219 
Ishaq,  M.,  187 

J 

Jollife,  N.,  200 
Joshi,  N.V.,  62 

K 

Kamath,  A.V.,  281,  284 
Kaplan,  N.O.,  224 
Karambelkar,  P.V.,  71,  74,  76 
Karamchandani,  P.V.,  219 
Karnani,  B.T.,  91 
Karunakaran,  C.O.,  211 
Kemp,  T.A.,  190 
Kennedy,  T.H.,  258 
Khadilkar,  V.N.,  235 
Khan,  M.M.,  237 
Khan,  M.Y.,  309 
Khan.  N.U.,  103,  204 
Khanna,  L.C.,  102,  103,  124, 
175,  204 

Khorana,  M.L.,  106 
Kik,  M.C.,  22,  33 
Kimball,  O.P.,  259 


342 


NUTRITION  IN  INDIA 


Kinsman,  M.,  70 
Kirwan,  E.O’G.,  201-203,  205 
Klein,  J.R.,  110 
Kochakian,  G.D.,  267 
Kochar,  B.D.,  110,  111,  117, 
235,  236 

Kocher,  B.R.,  194 
Kon,  S.K.,  102 
Kosterlitz,  H.W.,  69 
Krishnan,  B.G.,  200,  210,  229- 
232,  296 

Krishnan,  B.T.,  126 
Kruse,  H.D.,  165,  171,  200 
Kung,  L.C.,  127 
Kurulkar,  G.M.,  168 

L 

Lai,  R.B.,  285-288 
Lai,  S.B.,  294 
Lall,  R.,  163 
Ledger,  E.K.,  163 
Lee,  J.G.,  298 
Lehmann,  H.,  92,  244 
Lewis,  H.B.,  298 
Lewis,  J.A.,  237 
Lewis,  T.R  ,  136 
Lipmann,  F.,  224 
Lloyd,  R.B.,  180 
Loh,  G.L.,  129 
Lokre,  R.J.,  175 
Loo,  C.,  130 
Loundes,  E.,  1 10 
Lowe,  J.,  234 

M 

Macdonald,  G.,  187 
Mackenzie,  C.H.C.,  293 
Mackie,  F.P.,  217 
Macnamara,  R  J-,  136 
Madhava,  K.B.,  166,  257,  258 
Mahadevan,  V.,  229 


Majumdar,  B.N.,  97,  98,  100, 
101 

Malcomson,  G.E.,  218 
Malcomson,  J.G.,  228 
Malandkar,  M.A.,  68,  124,  217 
Malik,  A.Q.,  117 
Malik,  K.S.,  101 
Manchanda,  S.S.,  124,  189 
Manglik,  V.S.,  192 
Mansoor-ul-Hassan,  60 
Marine,  D.,  259 
Martin,  C.J.,  74,  129 
Mason,  E.D.,  87,  127,  128 
Mathen,  K.K.,  193 
Mattson,  F.H.,  102 
McCarrison,  R.,  1-4,  19,  199, 
213-215,  227,  254-258,  275- 
277,  293,  296 
McCay,  D.,  1,  67-70,  135 
McCombie  Young,  T.C.,  293 
McLeod,  G.,  130 
McRobert,  G.R.,  304 
Megaw,  J.W.D.,  279,  282 
Mehl,  J.W.,  74,  101,  102 
Mehta,  M.M.,  191 
Mendel,  L.B.,  275 
Menon,  P.S.,  189,  207,  209,  219, 
221,  225,  260,  265 
Misra,  U.C.,  82,  107 
Mitchell,  H.H.,  69,  91 
Mitra,  D.D.,  167 
Mitra,  K.,  13,  31,36,  48,  65,  74, 
76,  114,  142,  167,  212 
Mitra,  S.,  192 
Mody,  M.S.H.,  235 
Mookerjee,  S.S.,  74 
Moore,  C.V.,  189 
Mordecai,  J.,  124 
Morehouse,  M.G.,  74 
Morgan,  B.G.E.,  61 
Morris,  T.L.,  187 


AUTHOR  INDEX 


343 


Morrison,  R.J.G.,  219 
Morton,  R.A.,  102 
Motashaw,  M.D.,  235 
Mudaliar,  A.L.,  192 
Mudaliyar,  M.R.G.,  180 
Mukerjee,  P.,  246 
Mukherjee,  H.N.,  820 
Mukherjee,  R.,  47,  291 
Mukherjee,  S.L.,  280 
Mukherjee,  S.N.,  180 
Mukundan,  R.,  106,  108, 
109 

Mullick,  D.N.,  97 
Murlin,  J.R.,  70 
Murthy,  G.N.,  106 
Murthy,  K.N.,  218 
Murthy,  V.V.S.,  91 
Muthanna,  M.G.,  60 
Muwazi,  E.M.K.,  264 

N 

Nachlas,  M.M.,  268 
Naganna,  B.,  106,  236 
Nair,  P.K.,  21 1 

Napier,  L.E.,  174-179,  186,  188, 
192,  193,  235 
Narayana,  N.,  45 
Nath,  H.P.,  83,  86 
Nath,  M.C.,  47,  291 
Nayar,  A.S.M.,  304 
Necheles,  H.,  127,  128 
Neogi,  S.,  14 

Newcomb,  G.  256,  277,  278 
Nhavi,  N.G.,  84,  89,  209 
Nicholls,  L.,  28,  92,  200, 

208 

Nicolaysen,  R.,  90 
Nimalsuriya,  A.,  92,  200 
Niyogi,  S.P.,  31,  45,  74,  98,  99 
124,  126 

Norris,  R.V.,  227,  256 


O 

Oldham,  H.G.,  110 
Osborne,  T.B.,  275 
Osgood,  E.E.,  177 

P 

Pal,  J.C.,  92,  93 

Palmer,  G.T.,  154 

Pandit,  G.G.,  304,  307,  310 

Panse,  T.B.,  115 

Parra,  H.,  258 

Parsons,  H.T.,  298 

Pasricha,  C.L.,  62,  286 

Passmore,  R.,  22,  106,  211,  260 

Patel,  J.C.,  190,  194 

Patel,  N.D.,  235 

Patel,  V.J.,  235 

Patwardhan,  V.N.,  31,  62,  71, 
74,  83,  84,  89-91,  108,  109, 
121,  124,  126,  186,  201,  207, 
209,  239,  242,  296 
Paul,  B.N.,  180 
Peraita,  M.,  223 
Perlzweig,  W.A.,  110 
Philips,  P.H.,  224 
Pillai,  S.G.,  309,  310 
Porter,  T.,  1 10 
Prescott,  F.,  200 
Price  Jones,  G.,  179 
Purves,  H.D.,  258 
Puttaiya,  M.,  235,  244 

R 

Raghavachari, T.N.S.,  304,  306 
307 

Rahman,  S.A.,  121 
Rai  Ghaudhuri,  M.N.,  218 
Rai  Sircar,  B.C.,  92 

Rajagopal,  K.,  98,  103,  166 
203,  207 

Rajagopalan,  R.,  310 
% 


344 


NUTRITION  IN  INDIA 


Ramachandran,  A.S.,  180 
Ramachandran,  K.,  22,  106 
Ramachandran,  S.,  232 
Ramalingaswami,  V.,  175,  178, 
189,  190,  201,  219,  221,  222, 
260,  271 

Raman,  T.K.,  229,  234,  260 
Ramanujayya,  R.,  218 
Rama  Sastri,  B.V.,  106,  108- 
110 

Ranganathan,  S.,  15,  60,  91, 
93,  114,  116,  277,  278,  310 
Rao,  A.M.,  22,  106 
Rao,  B.S.,  22,  29 
Rao,  D.N.,  310 
Rao,  G.,  245 
Rao,  K.K.P.N.,  115 
Rao,  K.N.,  192 
Rao,  M.N.,  178,  179,  214 
Rao,  M.V.R.,  178,  179,  208, 
215 

Rao,  S.D.,  99 
Ran,  Y.V.S.,  22,  91,  106 
Ray,  G.K.,  1 16 
Ray,  N.K.,  14 
Ray,  S.N.,  68 
Reddi,  D.V.S.,  233 
Riggs,  T.R.,  224 
Robison,  R.,  74 
Roholm,  K.,  309 
Rossi  ter,  R.J.,  244 
Rotter,  H.,  117 
Roy,  A.,  82,  182 
Roy,  A.C.,  1 16,  182 
Roy,  A.N.,  115 
Roy,  K.L.,  92 
Roy,  S.C.,  285 
Russell,  B.A.S.,  264 


S 

Sachdeo,  J.C.,  175 


Sadana,  J.G.,  96,  97 
Sadasivan,  V.,  19 
Sadhu, K.  232 
Sagayam,  A.D.,  281 
Saha,  K.C.,  93 
Sahai,  P.N.,  182 
Sankaran,  G.,  116,  178,  179, 
257 


Sardana,  M.N.,  204-207 

Sarett,  H.P.,  109 

Sarkar,  S.L.,  285 

Sarkar,  S.N.,  19,  287,  288 

Sarma,  P.S.,  106,  225 

Schneider,  B.H.,  1 1 

Scott,  G.J.,  223 

Scott  MacGregor,  R.J.,  129 

Sebrell,  W.H.,  211 

Seligman,  A.M.,  268 

Sen,  J.N.,  18 

Sen,  K.,  201,  205 

Sen  Gupta,  P.G.,  178,  235 

Seshan,  P.K.,  60,98 

Sexton,  E.L.,  101,  102 

Shah,  S.J.,  239 

Shah,  P.H.,  235 

Sharpless,  G.R.,  258 

Shortt,  H.E.,  304 

Shourie,  K.L.,  163,  293 

Simonsen,  J.L.,  297 

Simpson,  J.,  223 

Sinclair,  H.M.,  165 

Singh,  B.,  217 

Sirsat,  M.V.,  74,  126 

Sleeman,  W.H.,  292 

Sokhey,  S.S.,  68,  120,  124,  174, 


175,  177,  217 
Somerville,  T.,  211 
Spillane,  J.O.,  223,  226 
Sreenivasan,  A.,  18,  19,  22,  » 


74,  115 

Srivastava,  D.L.,  182 


AUTHOR  INDEX 


Srivastava,  R.C.,  237 
Stannus,  H.,  224 
Steenbock,  H.,  298 
Steggarda,  F.R.,  91 
St.  Johnston,  C.R.,  219 
Stott,  H.,  254,  258,  293,  297 
Subba  Rao,  D.,  307 
Subrahmanyan,  V.,  51-54,  62, 
66,  83,  84,  91,  92,  99 
Sukhtankar,  D.R.,  239 
Sukhatme,  P.V.,  12 
Sundaram,  S.K.,  180,  189 
Sundararajan,  A.R.,  22,  60,  62, 
106 

Sunder  Rao,  S.,  180 
Swaminathan,  M.,  31,  32,  38, 
45,  48,  106,  110,  111,  211, 
235,  236 

Swaroop,  S.,  178,  241 
Swarup,  A.,  235 

T 

Talpade,  S.,  191 
Taylor,  G.F.,  189 
Terroine,  E.F.,  75 
Theophillus,  F.,  87 
Thompson,  R  B.,  194 
Thompson,  S.  T.,  102 
Tilt,  J.,  128 
Tisdall,  E.F.,  200 
Townsend,  R.S.,  163 
Trowel  1,  H.G.,  260-266,  269 
Tulpule,  P.G.,  83,  207,  209 

U 

Ungley,  C.C.,  194 


345 

Upadhyay,  S.N.,  192 
V 

Vakil,  R.J.,  212 
Vareed,  C.,  126 
Veghelyi,  P.V.,  264,  267 
Venkatachalam,  P.S.,  175,  178, 
221,  226,  260,  265 
Venkataramanan,  K.,  306 
Venkatesan.  P.,  236 
Verma,  L.P.,  235 
Verma,  O.P.,  187,  204,  205 
Viswanath,  B.,  256 
Vivanco,  F.,  297 

> 

W 

Walters,  J.H.,  244 
Wasson,  T.C.,  163 
Waterlow,  J.G.,  264,  269 
Waters,  G.F.,  128 
Wats,  R.C.,  114 
Whipple,  G.H.,  93 
Widdowson,  E.M.,  157,  158,240 
Wilgus,  H.S.,  258 
Williams,  C.D.,  259 
Williams,  G.D.,  128 
Williams,  R.R.,  22,  33 
Wills,  L.,  189,  191,  243 
Wilson,  D.,  127 

Wilson,  D.G.,  158,  240,  242,  309 
Wilson,  H.E.C.,  74,  100,  101, 
167,  280 

Wintrobe,  M.M.,  177,  180,  224 
Wortis,  H.,  109 
Wright,  G.P.,  89 
Wright,  R.E.,  201 


t  <dC  li-  •  I  o,  w  /  ^ 

v  »  r/  r  m 

~  .  <*• 


» 


RI-MYSO 


CF 

III 


2727 

Nutr.tion  in  Ind 


Acc.  No. 

MS2. 


1—  >  •  “2. 

*7 


d-bt^k* 

v  /  <v  «^Vv 

vj^-gvu-U^ 


\ 


t 


V  * 


